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Preface
The p io n e e r in g  work o f  L o u b a t i e r e r s  on 
1 , 3 , 5 - t h i a d i a z o l e s  and th e  su b s e q u e n t  d i s c o v e r y  o f  th e  
s u lp h o n y lu r e a s  gave  a  g r e a t  p h i l l i p  to  th e  s e a r c h  f o r  
o r a l  h y p o g ly cem ic  com pounds. A lth o u g h  th e  i n t e n s i f i ­
c a t i o n  o f  work i n  t h i s  f i e l d  h a s  y i e ld e d  r i c h  d iv id e n d s  
t h e r e  a r e  s t i l l  s e v e r a l  la c u n a e  i n  o u r  u n d e r s t a n d in g  o f  
t h e  p ro b lem  and th e  b e s t  compounds a v a i l a b l e ,  so f a r ,  
a r e  from b e in g  th e  i d e a l  o n e s .  The s e a r c h  f o r  m ore p o t e n t  
and l e s s  t o x i c  o r a l  h y p o g ly cem ic  a g e n t s ,  t h e r e f o r e ,  
c o n t i n u e s .
The -work now p r e s e n te d  d e s c r i b e s  th e  s y n t h e s i s  
o f  f u r t h e r  s e r i e s  o f  p o s s i b l e  o r a l  h yp o g ly cem ic  a g e n ts  
w i th  a v ie w  t o  e l u c i d a t e  th e  s t r u c t u r e  a c t i v i t y  r e l a t i o n ­
s h i p s  th e  v a r io u s  ty p e s  o f  compounds p r e p a r e d .
U l t r a - v i q l e t ,  i n f r a r e d  and n u c l e a r  m a g n e t ic  
r e s o n a n c e  s p e c t r o s c o p ic  e v id e n c e s  w ere  o b ta in e d  i n  s u p p o r t  
o f  th e  p o s t u l a t e d  s t r u c t u r e s  and r e a c t i o n  m echanism s 
w h e re v e r  a m b ig u i t i e s  w ere m et w i th .
F o llo w in g  th e  i n t r o d u c t i o n ,  th e  t h e s i s  h a s  been  
d i v id e d  b r o a d ly  i n t o  f i v e  c h a p te r s ?  t h e  f i r s t  f o u r  c h a p te r s  
d e a l  in d e p e n d e n t ly  w i th  th e  t h e o r e t i c a l  a s p e c t s  and e x p e r i ­
m e n ta l  p ro c e d u re s  f o r  th e  p r e p a r a t i o n  o f  th e  r e s p e c t i v e
g ro u p s  o f  compounds. The l a s t  c h a p te r  d e t a i l s  th e  
b i o l o g i c a l  f i n d in g s  and i s  fo l lo w e d  by th e  c o n c lu s io n s  
d raw n from th e s e  r e s u l t s *
I  w ish  to  ta k e  t h i s  o p p o r tu n i ty  o f  th a n k in g  
D r .  A.R. K id w a i, P r o f e s s o r  and Head o f  t h e  D ep artm en t 
o f  C h e m is try ,  A l ig a rh  M uslim  U n i v e r s i t y ,  A l ig a r h ,  f o r  
g u id a n c e  and v a lu a b le  s u g g e s t io n s  and D r. M.L. D h a r, 
D i r e c t o r ,  C e n t r a l  Drug R e se a rc h  I n s t i t u t e ,  Lucknow, f o r  
p e r m is s io n  and c o n s ta n t  encou ragem en t t o  c a r r y  o u t  th e  
work em bodied i n  t h i s  t h e s i s  and f o r  l a b o r a t o r y  f a c i ­
l i t i e s .
I  am g r a t e f u l  t o  D r. N i t i y a  Nand and 
D r .  S .P . P o p l i  o f  C e n t r a l  Drug R e s e a rc h  I n s t i t u t e ,  
Lucknow f o r  t h e i r  k e en  i n t e r e s t  th ro u g h o u t  th e  c o u rs e  
o f  t h i s  w ork.
My th a n k s  a re  due to  D r. S .K . M ukherjee  o f  
t h i s  I n s t i t u t e  f o r  e v a l u a t i n g  th e  compounds p r e s e n te d  
i n  t h i s  t h e s i s  f o r  h y p o g ly cem ic  e f f e c t s .
I  h a v e  a ls o  to  th a n k  Mr. J .  S a ra n ,
M r. P .N . K hanna, Mr. B .N . 2 a i d i  and M rs. S. B a n e r j i  
f o r  m ic ro  a n a ly s e  s .
(A. SHOEB)
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G e n e ra l  I n t r o d u c t i o n
D ia b e te s  a s  a  d i s t i n c t  d i s e a s e  was r e c o g n iz e d  
i n  I n d i a  a t  l e a s t  two th o u s a n d  y e a r s  ago . An i n t e r e s t i n g  
r e v ie w  o f  t h e  e a r l y  h i s t o r y  o f  d i a b e t e s  i n c l u d i n g  t h e  
e a r l y  w r i t i n g s  o f  a n c i e n t  H in d u s , A rab s , C h in ese  and t h e  
J a p a n e s e  i s  g iv e n  by B a rach 1 . D e s p i te  i t s  r e c o g n i t i o n  f o r  
so  many c e n t u r i e s ,  l i t t l e  was a cc o m p lish e d  i n  th e  way o f  
u n d e r s t a n d in g  t h e  p a th o lo g y  o f  t h i s  d i s e a s e .  U p to  th e  
1 8 th  c e n t u r y ,  t h e  o n ly  t e s t  f o r  g l y c o s u r i a  was by  t a s t i n g  
t h e  u r i n e i  I t  to o k  o v e r  two h u n d red  y e a r s  t o  go from  t h i s  
c ru d e  m ethod o f  d e t e c t i o n  o f  s u g a r  t o  th e  m odern r a p i d  and 
a c c u r a t e  m ethod o f  N elson-Som ogyi f o r  t h e  t e c h n iq u e  o f  t h e  
b lo o d  s u g a r  d e te r m i n a t i o n .  The u n d e r s t a n d in g  o f  t h e  d i s e a s e  
was p u t  on  a  s c i e n t i f i c  f o o t in g  by Dobson who i n  1776 
d e m o n s t r a te d  t h a t  d i a b e t i c  b lo o d  i s  sw ee t and t h a t  d i a b e t i c  
u r i n e  c o n ta in s  s u g a r  t h a t  f e r m e n ts .
A f u r t h e r  m i le s to n e  i n  t h i s  d i r e c t i o n  was th e  
d e m o n s t r a t io n  i n  1889 by  Von Me r i n g  and M inkowski t h a t  th e  
re m o v a l o f  p a n c re a s  c a u s e s  a  d i s e a s e  s i m i l a r  to  t h a t  
c h a r a c t e r i s e d  by a n c i e n t  A s s y r ia n s  and B a b y lo n ia n s  by  
t h i r s t ,  a  l a r g e  o u tp u t  o f  sw ee t u r i n e  and g r a d u a l  w a s t in g
1
2i n s p i t e  o f  v o r a c io u s  a p p e t i t e .
The p r o g r e s s  d u r in g  th e  l a s t  f i f t y  y e a r s  h a s  
b e e n  phenom enal. The d i s c o v e r y  o f  new te c h n iq u e s  h a s  
o p en ed  up  f i e l d s  w hich  h i t h e r t o  c o u ld  n o t  be  a t t e m p te d .
I t  i s  now known t h a t  i s l e t s  o f  L a n g e rh a n s , i n  th e  p a n c r e a s ,  
s e c r e t e  a  harm one, i n s u l i n ,  w hich  i s  r e s p o n s i b l e  f o r  t h e  
r e g u l a t i o n  o f  g lu c o s e  c o n c e n t r a t io n  i n  th e  b lo o d  and t h a t  
any  im b a la n c e  i n  th e  a v a i l a b i l i t y  o f  i n s u l i n  c a u s e s  a 
d i s t u r b a n c e  i n  g lu c o s e  m e ta b o lism  l e a d in g  to  h y p e r -  o r  
hypog lycem ia#
2 -4
B a n tin g  and B e s t  o f  T oron to  w ere t h e  f i r s t  t o  
i s o l a t e  t h i s  a c t i v e  p r i n c i p l e  from  a c i d - a l c o h o l  e x t r a c t s  o f  
f r o z e n  p a n c re a s  and th e y  d e m o n s tra te d  t h a t  i t s  i n j e c t i o n  
a l l e v i a t e d  t h e  symptoms o f  a c u te  d i a b e t e s  by  r e s t o r i n g  t h e  
b lo o d - s u g a r  l e v e l  to  n o rm a l.  The p rob lem  o f  t h e  p a i n f u l  
and f r e q u e n t  a d m i n i s t r a t i o n  o f  i n s u l i n  was p a r t l y  overcom e 
i n  l a t e r  y e a r s  by  s u i t a b l e  p r e p a r a t i o n s  o f  l o n g - a c t i n g  
i n s u l i n s ;  p r o t a m i n e - z i n c - i n s u l i n  c a n ,  by s u i t a b l e  a d ju s tm e n t  
o f  pH, c o n t r o l  b lo o d  s u g a r  l e v e l  o v e r  tw e n ty - f o u r  h o u r s .  
I n s u l i n  p ro v ed  to  be  t h e  s a v in g  o f  many a  d i a b e t i c  and 
a l lo w e d  him o r  h e r  t o  l e a d  a  n o rm al l i f e .  However, i t s  
u s e  o v e r  p ro lo n g e d  p e r i o d s  showed t h a t  q u i t e  o f t e n ,  t h i s  
c o n t r o l  o f  d i a b e t i c  s t a t e  d id  n o t  e x te n d  t o  c e r t a i n  p a th o g e n ic  
c o m p l i c a t io n s  o f  b lo o d  v e s s e l s ,  k id n e y s  and e y e s .  W hether 
t h e s e  c o m p l ic a t io n s  w ere d e p e n d e n t  on  th e  d e g re e  o f  c o n t r o l  
o f  t h e  b lo o d  s u g a r  l e v e l s  o r  w ere o n ly  p a r t l y  r e l a t e d  to
3t h e  d i a b e t i c  c o n t r o l  i s  s t i l l  a  m a t t e r  o f  c o n tro v e rs y *
T h e se  o b s e r v a t i o n s  l e d ,  h ow ever, t o  i n t e n s i v e  work on  th e
e te o lo g y  o f  d i a b e t e s  and i t  i s  now a c c e p te d  t h a t  i t  i s  a
f u n c t i o n a l  and m u l t i p l e  e t i o l o g i c a l  d e f e c t  r a t h e r  th a n
5 -1 4j u s t  o r g a n ic  i s l e t  c e l l  d e f i c i e n c y
The above m e n tio n e d  c o m p l ic a t io n s  due  t o  p ro lo n g e d  
i n s u l i n  th e r a p y  w hich  b eg an  to  m ar th e  s u c c e s s  s t o r y  o f  
B a n tin g * s  g r e a t  d i s c o v e r y  c o u p le d  w ith  t h e  ( i )  d i f f i c u l t y  
o f  i n s u l i n  a d m i n i s t r a t i o n ,  ( i i )  t h e  new c o n c e p t  a b o u t  t h e  
n a t u r e  o f  d i a b e t e s  I t s e l f ,  and ( i i i )  th e  s t a r t l i n g  th o u g h  
a c c i d e n t a l  d i s c o v e r y  o f  t h e  h y p o g ly cem ic  p r o p e r t i e s  o f  some 
o f  th e  su lfo n a m id e  d e r i v a t i v e s ,  w hich  w ere found  o r a l l y  
a c t i v e ,  l e d  a  renew ed and c o n c e r te d  e f f o r t  by c h e m is ts  and 
b i o l o g i s t s  a s  h a s  few p a r a l l e l s  i n  th e  f i e l d  o f  m odern 
t h e r a p e u t i c s *
A ltho ugh  s u p e r i o r  i n  i t s  m ethod o f  a d m i n i s t r a t i o n ,  
any o r a l  s u b s t i t u t e  would s t i l l  h av e  to  be  a t  l e a s t  e q u a l  
t o  i n s u l i n  b o th  i n  i t s  h y p o g ly cem ic  a c t i o n  and l a c k  o f  
s e r i o u s  s i d e  e f f e c t s .  The s e a r c h  f o r  t h e s e  compounds h a s  
b e e n  made i n  t h e  f o l lo w in g  two d i r e c t i o n s *
I .  H e rb a l  d r u g s ,  and
I I .  S y n t h e t i c  d ru g s
I .  H e rb a l  d ru g s
E x t r a c t s  and d e c o c t io n s  o f  d i f f e r e n t  p a r t s  o f
41 5 -1 7
p l a n t s ,  su c h  a s  j u i c e  e x t r a c t s  o f  o n io n  and
18 19 1®g a r l i c  * > r o o t  e x t r a c t  o f  C o c c in ia  i n d i c a  , t h e
20-22
d e c o c t i o n  o f  th e  l e a v e s  o f  E u c a ly p tu s -  » Gymnema
oo 04  *'»*■ 25
s v l v e s t i e  R .Br* * and R iv e  a  c u n e a ta  W ight , t h e  l e a f
26
e x t r a c t  o f  R t e r o c a r m s  m arsupium  R o x b ., t h e  se ed  e x t r a c t
27
o f  S e c u r l e e r a  s e c u r i d e c a  and th e  w hole  p l a n t  e x t r a c t  o f
28 29S c o t)a r ia  d u l i c s  * h a v e  b e en  s tu d ie d *  None o f  th e s e
e x t r a c t s  h a v e ,  ho w ever, b een  found  to  p o s s e s s  a c t i v i t y  as
w ould w a r r a n t  t h e i r  c l i n i c a l  a p p l i c a t i o n .
One o f  th e  m ost th o r o u g h ly  exam ined  p l a n t s  i n
t h i s  c o n n e c t io n  i s  V in c a  r o s e a  ( C a th a r a n th u s  r o s e u s l .  I t s
c o n s i d e r a b l e  r e p u t a t i o n  i n  f o l k - l o r e  m e d ic in e  s te m s from
3 0 ,3 1
i t s  r e p o r t e d  u s e  a s  an  o r a l  hy p o g ly cem ic  a g e n t  •
H ow ever, b o th  e x p e r im e n ta l  and l i m i t e d  c l i n i c a l  i n v e s t i g a -
3 0 ,3 1
t i o n s  had  b een  d i s a p p o i n t i n g l y  n e g a t i v e  • D u rin g  th e
c o u r s e  o f  i n v e s t i g a t i o n s  o f  t h i s  p l a n t  i n  s e v e r a l  l a b o r a -  
3 2 ,3 3
t o r i e s  , v a r i o u s  a l k a l o i d  and n o n - a l k a lo i d  f r a c t i o n s  
w e re  t e s t e d  f o r  t h e i r  a b i l i t y  t o  lo w e r  b lo o d  s u g a r .  E v i ­
d e n t l y ,  b e c a u se  o f  t h e i r  i n h e r e n t  t o x i c i t i e s  a s  w e l l  as 
t h e  m ask in g  o f  t h e  p r o p e r t i e s  b e c a u s e  o f  accom panying 
com pounds, i t  was n o t  p o s s i b l e  t o  o b t a i n  e x p e r im e n ta l  v e r i ­
f i c a t i o n  w i th  t h e  c ru d e  e x t r a c t s  o r  th e  f r a c t i o n s  used*
As a  r e s u l t  o f  th e  c l a s s i c  work done  by Svoboda 
and h i s  g ro u p  i n  t h e  E l i  L i l l y  L a b o r a to r i e s  and Noble.,
B e e r  and C u t t s  i n  Canada i t  h a s  now b een  p o s s i b l e  to
34
o b t a i n  f i f t y - f i v e  a l k a l o i d s  i n  th e  p u re  form • The a s s a y
5o f  t h e  p u re  compounds h a s  shown i n t e r e s t i n g  r e s u l t s *
T h ese  i n d i c a t e  t h a t  c a th a ra n th in e G H C l)  ( I ) ,  l e u r o s i n e
(HgS04) , l o c h n e r in e  ( I I ) ,  t e t r a h y d r o a l s t o n i n e  ( I I I ) ,
v i n d o l i n e  and v i n d o l i n i n e  (.2HC1) (IV , V) p ro d u c e  v a r y in g
35
d e g r e e s  o f  b lo o d - s u g a r  lo w e r in g  e f f e c t  . I t  seem s h ig h ly  
p r o b a b l e ,  t h e r e f o r e ,  t h a t  t h e  c o n t in u e d  u s e  o f  v a r i o u s  
g a l e n i c a l  p r e p a r a t i o n s  o f  V in c a  r o s e a  i n  in d ig e n o u s  
m e d ic in e  a s  an o r a l  h y p o g ly cem ic  a g e n t  i s  n o t  c o m p le te ly  
w i th o u t  m e r i t*
,CH,
CHjOOC
m
CHXCHJ
I Coo ch
OH
CM, '3
'CH-
IX
3 6 ,3 7
I n  a d d i t i o n ,  C o l l ip *  s g l u c o k in in j  p h a s e o l in
o u t  o f  b e a n s  and b ean  p o d 5 a s p e r g i l l i n  from  A s p e r g i l l u s
38 00 oq
n i g e r  ? aqueous e x t r a c t  o f  C a rc h o ru s  o l i t o r i n ^  * con ­
t a i n i n g  t r a c e s  o f  s u l f u r  and z in c  b u t  no n i t r o g e n ?
m y s t i l l i n  o u t  o f  b l u e - b e r r i e s ?  a n t i m e l l i n  w h ich  i s  a  g l y -
4 0 -4 3
c o s i d e  o u t  o f  jam b u l f r u i t s  ? l u p a n in e  from  L u p inus
a lb u s  and g a le g in e  w h ich  i s  i  so am ylene g u a n id in e  from
G a le g a  o f f i c i n a l i s * a re  w o rth  m e n t io n in g .  M ost o f  t h e s e
h a v e  p ro v ed  i n e f f e c t i v e  i n  human d i a b e t e s .
A new im p e tu s  to  re -e x a m in e  d r u g s  from  p l a n t
s o u r c e s  was evoked  f o l lo w in g  th e  i n t e r e s t i n g  f i n d i n g s  t h a t
a  d ru g  may be i n e f f e c t i v e  i n  e x p e r im e n ta l  a n im a ls (d e p a n c -
r e a t i z e d  o r  a l lo x a n  p o is o n e d )  b u t  i t  may show p ro m ise  w here
p a n c r e a s  and i t s  harm ones a re  i n t a c t ,  th o u g h  im p a i r e d ,  by
e n h a n c in g  th e  i n s u l i n  a c t i v i t y  a s  w e l l  a s  by i n h i b i t i n g
i t s  p e r i p h e r a l  d e g r a d a t io n .
R e v iv a l  o f  i n t e r e s t  r e s u l t e d  i n  t h e  s y s te m a t i c
i n v e s t i g a t i o n  o f  m ore p l a n t s ,  and from  t h e  f r u i t s  o f
B l l g h i a  s a p id  a .  two a c t i v e  p r i n c i p l e s ,  H y p o g ly c in g  A and
B w ere  i s o l a t e d  and t h e s e  w ere foun d  to  p o s s e s s  m arked
4 4 ,4 5
h y p o g ly c e m ic  a c t i v i t y  • H y p o g ly c in  A h a s  b een  c h a r a c ­
t e r i s e d  a s  « c -am in o -(3 -  ( 2 -m e th y le n e  c y c lo p r o p y l )  p r o p io n ic
acid (V I, R=OH), w h ile  h y p o g ly c in  B i s  L -g lu ta m y lh y p o g ly c in  A
5 6 ,5 7(V I ,  R =  g lu ta m ic  a c id  r e s id u e ) . ,  B o th  h av e  b een  s y n t h e s i s e d  . 
T h e i r  hy p o g ly cem ic  a c t i o n  d o e s  n o t  seem t o  depend  o n  th e
1 6
p r e s e n c e  o f  i n s u l i n  b e c a u se  a l l o x a n - d i a b e t i c  and 
d e p a n c r e a t i z e d  a n im a ls  re s p o n d  to  t h e s e  e q u a l l y  w e l l .
None o f  t h e s e  h e rb s  h a s ,  h o w ev er, shown a c t i v i t y  
h ig h  enough to  m e r i t  c l i n i c a l  u se*  The h y p o g ly ce m ic  a c t i o n  
i n  m ost c a s e s ,  when i t  c o u ld  be c o n firm e d  a t  a l l ,  was n o r ­
m a l ly  n o t  g r e a t e r  th a n  w hat c o u ld  b e  a c h ie v e d  by d i e t a r y  
r e g im in s j  none was as e f f e c t i v e  a s  i n s u l i n  and m ost had  
s e v e r e  t o x i c  s id e  e f f e c t s .
I I .  S y n t h e t i c  d ru g s
S e a rc h  f o r  h y p o g ly cem ic  compounds i n  t h e  
s y n t h e t i c  f i e l d  h a s  b een  c a r r i e d  o u t  m o s t ly  o n  e m p i r i c a l  
l i n e s .  I n  th e  d e s c r i p t i o n  t h a t  f o l lo w s  i t  i s  n o t  c la im e d  
t h a t  th e  v a r i o u s  ty p e s  o f  compounds t h a t  h av e  shown hypo ­
g ly c e m ic  p r o p e r ty  a re  a l l  i n c lu d e d  b u t  t h e  w ide v a r i e t y  o f  
c h e m ic a l  s t r u c t u r e s  t h a t  h a v e  sho-wn su c h  a c t i v i t y  b e a r  
t e s t im o n y  to  t h e  d i f f i c u l t i e s  i n h e r e n t  i n  d ru g  r e s e a r c h  
and t o  t h e  r o l e  o f  chance  o b s e r v a t i o n  i n  t h i s  f i e l d .
( a )  S a l i c y l i c  a c id  and i t s  d e r i v a t i v e s :  Hypo­
g ly c e m ic  e f f e c t  p ro d u ce d  by s a l i c y l i c  a c id  h a s  been  known 
f o r  a  c o n s id e r a b le  t im e  and a c e t y l - s a l i c y l i c  a c id  was w id e ly
u s e d  i n  d i a b e t e s  i n  p r e - i n s u l i n  e ra*  I t s  u s e ,  how ever,
was d i s c o n t i n u e d  lo n g  b e f o r e  t h e  i n t r o d u c t i o n  o f  i n s u l i n
b e c a u s e  t h e  d o s e s  r e q u i r e d  p ro d u ced  o n e  o r  a n o th e r
e f f e c t  o f  s a l i c y l i s m .
R e c e n t ly ,  i n t e r e s t  i n  t h i s  s u b j e c t  h a s  b een
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r e v iv e d  i n  U.K . by R e id  and c o -w o rk e rs  * • They o b s e rv e d
t h a t  a c e t y l  s a l i c y l i c  a c id  p o t e n t i a t e s  t h e  a c t i o n  o f
60
i n s u l i n .  S to w e rs  e t  j i .  h av e  o b s e rv e d  a  s i m i l a r  p o te n ­
t i a t i n g  e f f e c t  o f  c a lc iu m  a e e t y l s a l i c y l a t e  when u s e d  t o g e t h e r  
w i th  a  s u l f o n y l  u r e a .
S a l i c y l a t e s  a r e  c o n s id e r e d  to  e x h i b i t  t h e i r
6 1 -6 4
e f f e c t  b e c a u se  o f  t h e i r  a c t i o n  on th e  a d r e n a l  s e c r e t i o n s
6 5 ,6 6
and o n  a  v a r i e t y  o f  t i s s u e  enzym es • The e x a c t  m echanism
b y  w h ich  th e  h y p o g ly cem ic  e f f e c t  i s  o b t a i n e d  i s  s t i l l  n o t
c l e a r .  The b e s t  e x p la n a t i o n  a p p e a r s  to  b e  t h a t  s a l i c y l a t e s
i n t e r f e r e  w i th  some s t e p  a t  th e  t e r m i n a l  p o r t i o n  o f  t h e
r e s p i r a t o r y  c h a in .  T h is  ty p e  o f  a c t i o n  a t  th e  c e l l  l e v e l
seem s to  b re a k  down th e  b a r r i e r  t o  r e a d y  g lu c o s e  e n t r y
67
i n t o  c e r t a i n  t i s s u e s  .
(t>) A n t i h i s t a m i n ic s  and s y m p a th e t i c o l v t i c s  h a v in g  
h y p o g ly cem ic  a c t i v i t y : I t  i s  known t h a t  h i s t a m in e  -  o r
g u a n id in e  -  in d u c e d  h y p e rg ly c e m ia  can  b e  c o u n te r e d  by  t h e  
u s e  o f  e rg o ta m in e .  F u r t h e r ,  t h i s  d ru g  g iv e s  r i s e  s id e  
e f f e c t s  l i k e  t r e m o r ,  h e a d a c h e ,  p e r s p i r a t i o n  and d i z z i n e s s  
w h ich  a r e  a l s o  th e  symptoms o f  h y p o g ly c e m ia . T hese
o b s e r v a t i o n s  h av e  l e d  to  t h e  s e a r c h  f o r  h y p o g ly ce m ic  
a c t i v i t y  am ongst t h e  known a n t i h i s t a m i n i c s  and sym pa- 
t h e t i c o l y t i c s .  E rg o ta m in e  ( V I I ) ,  A n t i s t i n  ( V I I I ) ,  
R e g i t i n  (IX) and P r i s c o l  (X) w ere a c c o r d in g ly  t e s t e d *
A lth o u g h  a l l  t h e s e  compounds showed some h y p o g ly ce m ic  
a c t i v i t y ,  none o f  t h e s e  i s  o f  any p r a c t i c a l  v a lu e  i n  
d i a b e t e s  t h e r a p y .  Some o f  t h e s e  h a v e , h o w ev er, been  u s e d  
f o r  t h e  t r e a tm e n t  o f  a l l e r g y  i n  d i a b e t i c  p a t i e n t s .
(c )  G u a n id in e  and i t s  d e r i v a t i v e s ? The b lo o d -  
s u g a r  lo w e r in g  a b i l i t y  o f  g u a n id in e s  was one  o f  t h e  f r u i t ­
f u l  s c i e n t i f i c  chance  o b s e r v a t i o n s  and owes i t s  d i s c o v e r y  
t o  W atanabe68  i n  1918. S u b s e q u e n t ly ,  F ra n k  e t  a l . 69>,7°  
w ere  t h e  f i r s t  t o  a t te m p t  a  s y s te m a t i c  s tu d y  o f  th e
s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  i n  t h e  g u a n id in e  s e r i e s
71 72
o f  compounds. L a t e r  B i s c h o f f  .g t a l .  , S l o t t a  and H esse
1 t-’ 
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and q u i t e  r e c e n t l y  S h a p iro  hav e  jo in e d  t h e  sea rch *
T h e i r  r e s e a r c h e s  r e v e a le d  t h a t  a l l  e f f e c t i v e  g u a n id in e s  
h a v e  th e  f o l lo w in g  g e n e r a l  fo rm u la  (X I ) :
NH
tt
R-NH-C-NHg
XI
C h e m ic a l ly  g u a n id in e  d e r i v a t i v e s  can  be 
c l a s s i f i e d  i n t o  t h r e e  s u b -g ro u p s
( i )  M onoguan ldess G u a n id in e  (X I5 R = H)
a d m in i s t e r e d  i n  t h e  form  o f  i t s  h y d r o c h lo r id e  was u s e d
a s  an e f f e c t i v e  h y pog lycem ic  a g e n t  i n  t h e  p r e - i n s u l i n ,  e ra *
I t s  a c t i o n  o n . t h e  b lo o d - s u g a r  o f  r a t s  was f i r s t  d e s c r ib e d
68
by  W atanabe and s u b s e q u e n t ly  a  s e r i e s  o f  n a t u r a l  and 
s y n t h e t i c  g u a n id in e  d e r i v a t i v e s  w ere g iv e n  c l i n i c a l  t r i a l s  
a g a i n s t  d ia b e te s *
G a le g in e  ( X I I ) ,  t h e  g u an id e  i s o l a t e d  from  th e  
s e e d s  o f  G a leg a  o f f i c i n a l i s  was found  t o  h a v e  a  s i g n i f i ­
c a n t  b lo o d - s u g a r  lo w e r in g  e f f e c t  when a d m in is te r e d  by
75
m o u th  and a g m a tin e  ( X I I I ) ,  p r e s e n t  i n  h e r r i n g  sperm , was 
fo u n d  to  b e  hypog lycem ic*  T hese  two compounds w ere  more 
e f f e c t i v e  and l e s s  t o x i c  th a n  g u a n id in e  i t s e l f  and t h i s  
o b s e r v a t i o n  l e d  t o  th e  s y n t h e s i s  o f  a  s e r i e s  o f  s u b s t i t u t e d  
g u a n id i n e s ,  p a r t i c u l a r l y  t h e  d ig u a n id e s  and b ig u a n id e s*
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B i s c h o f f ,  Sahyun and Long p r e p a r e d  a  num ber
o f  f a t t y  a c id  d e r i v a t i v e s  o f  g u a n id in e s ,  b u t  t h e s e ,  th o u g h
n o n - t o x i c ,  w ere found  t o  be c o m p le te ly  i n e f f e c t i v e *  The
i n a c t i v i t y  o f  th e s e  compounds i s  a s c r ib e d  to  t h e  n e g a t i v e
71
c h a r g e  on  t h e  c a r b o x y l ic  a c id  g ro u p  o f  t h e  l a t e r a l  c h a in  «
NH
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XIV
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R e c e n t ly ,  a  num ber o f  m o n o - s u b s t i tu te d  g u a n id in e s
76(XV) c a r r y in g  a  q u a te r n a r y  sjaino g roup  have  b een  p rep a ired  •
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None o f  t h e s e  m o n o g u an id es , h a s  as y e t  shown 
any p ro m is in g  a c t i v i t y ,
( i i )  P is n ia n id e s t T h ese  may be  c o n s id e re d  a s  
b e in g  made u p  o f  two g u a n id in e  m o le c u le s  j o i n e d  by a c h a in  
o f  m e th y le n e  g ro u p s  (X V I). I t  was found  t h a t  hypog lycem ic
NH NH
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XVI
a c t i o n  was d i r e c t l y  r e l a t e d  to  t h e  l e n g t h  o f  t h e  m e th y le n e  
c h a i n .  O f t h e  compounds t e s t e d ,  t h e  m ost a c t i v e  and r e l a ­
t i v e l y  l e a s t  t o x i c  w ere  s y n t h a l i n  A (XVI $ n  = 10) and 
s y n t h a l i n  B (XVI; n  = 1 2 ) .  T hese  compounds, how ever, 
com pared  u n fa v o u r a b ly  -with i n s u l i n  and when i t  was fo u n d  
t h a t  t h e i r  u s e  was r e s p o n s i b l e  f o r  h e p a t i c  and r e n a l  damage 
i n  some p a t i e n t s ,  t h e i r  u s e  i n  t h e  m anagem ent o f  d i a b e t e s  
was d i s c o n t i n u e d .
( i i i )  B lg u a n id e s : I n  1929, S l o t t a  and
72T sc h e sc h e  s y n th e s i s e d  v a r i o u s  b ig u a n id e s  and d e s c r ib e d
t h e i r  e f f e c t  on  th e  b lo o d - s u g a r  o f  a n im a ls .  T hese  compounds,
h o w e v e r , d i d  n o t  f i n d  any c l i n i c a l  a p p l i c a t i o n  a t  t h a t  t im e .
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T h i r t y  y e a r s  l a t e r  U n g a r , F reedm an , and S h a p iro  r e p o r t e d  
t h e  h y p o g ly cem ic  a c t i v i t y  o f  P h eno fo rm in  (DBI, PEBG) (XVII)
and s i n c e  th e n  s e v e r a l  h u n d re d s  o f  b ig u a n id e s  h av e  been
NH NH
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XVII
s y n t h e s i s e d  and t e s t e d  f o r  t h e i r  h y p o g ly ce m ic  a c t i o n  on 
a n im a ls*
C h e m ic a l ly  t h e  b ig u a n id e s  may be  c o n s id e r e d  to  
b e  d e r iv e d  from  two m o le c u le s  o f  g u a n id in e  w i th  t h e  e l i ­
m in a t io n  o f  one m o le c u le  o f  ammonia. S ach  b ig u a n id e  
m o le c u le  th u s  h a s  o n ly  f i v e  N -atom s i n  c o n t r a s t  to  th e
s i x  N -atom s o f  t h e  d ig u a n id e  m o lecu le*
7 4
A cco rd in g  to  S h a p iro  , t h e  a c t i v e  b ig u a n id e s  
c a n  be c l a s s i f i e d  i n  two g ro u p s
( a )  D e r i v a t i v e s  o f  N * -p h e n v lp o lv m e th y le n e  
b i s u a n i d e s s A l l  th e s e  compounds e x h i b i t  a c t i v i t y ;  
p h e n e th y l  b ig u a n id e ,  (X V III ;  R = H; n  = 2) , i s  one  o f  t h e  
m o s t  p o w e rfu l  compounds i n  d i a b e t i c  t h e r a p y .  R ep lacem en t 
o f  t h e  secon d  H a t  N* by a  m e th y l  g ro u p  r e s u l t s  i n  N1-  
b e n z y l-N * -m e th y l  b ig u a n id e  (X V III ;  R = CHq, n  = 1 ) w h ich  
i s  a l s o  a c t i v e .  A c t i v i t y  i s  r e t a i n e d  i f  a  m e th o x y l o r  a
h a lo g e n  i s  i n t r o d u c e d  a t  t h e  £  o r  ^ - p o s i t i o n  o f  t h e  benzene
74
r i n g ,  w h i le  th e  ja -o r  m -m ethy l d e r i v a t i v e s  a r e  i n a c t i v e  •
14
I f  t h e  p h e n y l r i n g  i s  s u b s t i t u t e d  by a  p y r i d i n e - ,
t h i o p h e n e - ,  o r  f u r a n  r i n g ,  t h e  h y p o g ly cem ic  e f f e c t  i s  
74
m a in ta in e d  • On th e  o t h e r  h a n d , i n d o l i n - b i g u a n i d e  o r
2 4
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X V III
t e t r a h y d r o i s o q u i n o l i n e - b i g u a n i d e  a r e  a lm o s t  c o m p le te ly  
74
i n a c t i v e  •
(b )  A lk v lb ig u a n id e s
NH NH 
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XIX
S t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  have  b e en  s t u d i e d  
i n  t h i s  s e r i e s  o f  compounds w i th  v a ry in g  l e n g t h  o f  c a rb o n  
c h a i n .  Thus N * - b u ty l - ,  n -  and i s o  amyl d e r i v a t i v e s  a r e  
c o m p a ra b le  i n  a c t i v i t y  w i th  N * - p h e n e th y l -b ig u a n id e .  Com­
p o unds w i th  s i x  to  e i g h t  c a rb o n  c h a in  l e n g t h s  a r e  l e s s  
p o t e n t  and a c t i v i t y  d ro p s  to  n i l  when n  = 10*
The s u b s t i t u t i o n  o f  b o th  t h e  h y d ro g e n s  a t  N* 
r e s u l t s  i n  e r r a t i c  e f f e c t s  on  t h e  b i o l o g i c a l  a c t i v i t y .
T hus N*, N * -D im e th y l-b ig u a n id e ,  i n  d o se s  o f  100 m g ./k g .
15
73
c a u s e s  hy p o g ly cem ic  c o n v u ls io n s  i n  r a b b i t  . T h is  s u b s ta n c e  
i s  now on  th e  m a rk e t  as  G lu co p h ag e . The c o r re s p o n d in g  N*,
N * - d ie th y lb ig u a n id e  (XX, R = ^gHg) * s con,p l e t e l y  i n a c t i v e ^ 3 . 
E x c e p t f o r  N*, N * -d im e th y lb lg u a n id e  (XX; R = CHg), a s  a
R NH NH
I II II
R-N -  C-NH-C-NHg
XX
g e n e r a l  r u l e ,  N’ -m o n o a lk y lb ig u a n id e s  a r e  more a c t i v e  th a n
7 4
t h e  c o r r e s p o n d in g  N*, N '- d i a l k y l b i g u a n i d e s  •
1 5
S im u lta n e o u s  s u b s t i t u t i o n  a t  N and N r e s u l t s  
i n  h y p o g ly ce m ic  compounds i f *
(a )  n o t  m ore th a n  t h r e e  o f  t h e  f o u r  r e p l a c e a b l e  
h y d ro g e n s  a r e  s u b s t i t u t e d ,  and
(b )  th e  a lk y l  s u b s t i t u e n t s  a r e  s m a l l  ( t h e  
t o t a l  num ber o f  c a rb o n  atom s o f  a l l  t h e  t h r e e  a lk y l  
g ro u p s  do n o t  e x ce ed  f i v e ) .
1 5  5
T hus N - n -p r o p y l- N  , N - d im e th y lb ig u a n id e  (XXI) i s  a
p o w e r fu l  h y pog lycem ic  a g e n t p a r e n t e r a l l y ,  b u t  i s  i n e f f e c ­
t i v e  o r a l l y ^ 4 * I n  c o n t r a s t  to  t h l s »  N1 , jg - c h lo ro p h e n y l -
5N - i s o - p r o p y l b i g u a n i d e  (p a lu d r in e ;X X H )  u s e d  i n  m a l a r i a l
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XXI
th e r a p y  h a s  o n ly  v e ry  s l i g h t  b lo o d - s u g a r  lo w e r in g  
p r o p e r ty *
b ig u a n id e  (DBI) and r e l a t e d  compounds l e d  S h a p iro  and
74h i s  co w o rk e rs  to  th e  c o n c lu s io n  t h a t  th e  p h e n e th y l -  
b ig u a n id e  was p r e s e n t  i n  v iv o  i n  an  i o n i c  fo rm , a c t i n g  as 
a  c a t i o n  a t  t h e  pH o f  t h e  t i s s u e  f l u i d s ;  and t h a t  t h e  i o n  
assum ed th e  form  o f  an i n t e r n a l  s ix -m e m b e re d -h y d ro g e n -  
bonded  r i n g  (X X III)*  I t  was t h i s  h y d ro g en -b o n d e d  c y c l i c  
c a t i o n  p r o to n a te d  a t  th e  N* (and w hich  e x i s t s  i n  
e q u i l i b r i u m  w ith  th e  d i b a s i c  c a t i o n  a t  th e  pH o f  th e  
g a s t r i c  j u i c e  and stom ach  c o n te n t s )  w hich  was c o n s id e r e d  
t o  be t h e  p h y s i o l o g i c a l l y  a c t i v e  form  o f  t h i s  b ig u a n id e *  
F u r t h e r ,  t h e  b ig u a n id e s  a r e  f r e e  from  t o x i c  e f f e c t s  on  
t h e  l i v e r  o r  th e  k id n e y .  T h is  i s  b e s t  e x e m p l i f i e d  by 
p a l u d r i n e  (X X II) w hich  h a s  b een  u s e d  f o r  y e a r s  i n  t h e
c t  - o
NH NH CH«
h  t  i
NH-C-NH-C-NH CH-CHg
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P h y s i c a l  and c h e m ic a l  p r o p e r t i e s  o f  p h e n e th y l -
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t r e a t m e n t  o f  m a l a r i a  w i th o u t  t o x i c  e f f e c t s  on  l i v e r  
o r  k idney*  As s t a t e d  e a r l i e r ,  how ever, p a l u d r i n  p o s s e s s e s  
o n ly  a  s l i g h t  h y p og lycem ic  a c t i v i t y .
M echanism  o f  a c t i o n  o f  b i e u a n id e s
The m echanism  o f  a c t i o n  o f  b ig u a n id e s  i s  s t i l l  
n o t  c l e a r .  T h e re  i s  overw helm ing  e v id e n c e  t h a t  P h en o fo rm in  
and r e l a t e d  compounds a r e  e f f e c t i v e  b o th  i n  d e p a n e r e a t i z e d  
and h e p a te c to m iz e d  a n im a ls  and t h a t  th e y  p ro d u ce  h y p o g ly ­
c e m ia  i n  d i a b e t i c  p a t i e n t s ,  b o th  a d u l t  and ju v e n i l e *  On 
t h e  o t h e r  h a n d , th e  b lo o d - s u g a r  l e v e l  o f  th e  n o rm a l human 
s u b j e c t s  i s  n o t  lo w e re d .  PEBG d o es  n o t  s t i m u l a t e  th e  
p - c e l l s  n o r  d o e s  i t  a c t  a s  an i n s u l i n a s e - i n h i b i t o r *  T h is
s u g g e s t s  a  mode o f  a c t i o n  q u i t e  d i f f e r e n t  from  t h a t  o f
78
t h e  s u l f o n y l u r e a s .  Wick and c o -w o rk e rs  h av e  shown t h a t  
i n  a n im a ls  t h e  u p ta k e  o f  PEBG r e s u l t s  i n  th e  f o l lo w in g  
t r i a d  o f  e f f e c t s  -  i n c r e a s e d  g lu c o s e  u p ta k e ,  d im in is h e d  
oxy g en  co n su m p tio n  and i n c r e a s e d  p r o d u c t io n  o f  l a c t i c  
a c i d .  T h is  may be presum ed t o  r e p r e s e n t  a c c e l e r a t e d
a n a e r o b ic  g l y c o l y s i s  s e c o n d a ry  to  an i n h i b i t i o n  o f
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o x i d a t i v e  m e ta b o lism  • The snag; i n  t h i s  e x p l a n a t i o n ,  
h o w ev er, i s  t h a t  w i th  such  a  c h ro n ic  i n h i b i t i o n  o f  
o x i d a t i v e  m e ta b o lism , s e r i o u s  t o x i c  e f f e c t s  w ould be  
e x p e c te d .  L arge  s c a l e  c l i n i c a l  t r i a l s  do n o t  s u p p o r t  s u c h  
e x p e c t a t i o n s .  The r e a s o n  f o r  su c h  a  d i s c r e p a n c y  may l i e  
i n  e i t h e r  o f  t h e  two e x p l a n a t i o n s ,  i . e .  t h e  b ig u a n id e s  
i n  t h e r a p e u t i c  d o s e s  i n  v i v o * may lo w e r  b lo o d  s u g a r  by 
m echan ism s o t h e r  th a n  t h o s e  adduced  from  a n im a l e x p e r i ­
m e n t a t i o n s ,  o r  t h e  i n h i b i t i o n  o f  o x i d a t i v e  m e ta b o lism  may 
b e  s m a l l ,  p e r i o d i c ,  and q u ic k ly  r e v e r s i b l e ,  so t h a t  no 
d e l e t e r i o u s  e f f e c t s  a r e  o b t a i n e d .
(d )  S u lfo n a m id e s  and r e l a t e d  com pounds» The
f i r s t  o f  th e  su lfo n a m id e  compounds whose h y p o g ly cem ic
a c t i o n  was r e c o g n iz e d  w ere  t h e  s u l p h a n i l y l  t h i a d i a z o l e s
80(XXIV) u s e d  by Jan b o n  and co w o rk ers  i n  1942  and s y n th e s i s e d
XXIV
e a r l i e r  by V onkennel and Kimmig81. D u r in g  th e  n e x t  f o u r
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y e a r s  L o u b a t i e r e s  and h i s  g ro u p  i n v e s t i g a t e d  t h i s  and 
c l o s e l y  r e l a t e d  compounds i n  a n im a ls .  They p ro p o se d  t h e  * 
t h e o r y  t h a t  t h e s e  compounds lo w e r  b lo o d  s u g a r  by s t i m u la t in g
t h e  r e l e a s e  o f  i n s u l i n  from  t h e  0 - c e l l s  o f  t h e  p a n c re a s*  
C o n s i s t e n t  -with t h i s  v ie w , t h e s e  compounds w ere  i n a c t i v e  
i n  d e p a n e r e a t i z e d  a n im a ls .  They exam ined  t h e  s t r u e t u r e -  
a c t i v i t y  r e l a t i o n s h i p  i n  t h i s  s e r i e s  i n  some d e t a i l  and 
came to  th e  fo l lo w in g  c o n c lu s io n s :
i )  The p re s e n c e  o f  th e  j> -am inobenzene g roup  was 
e s s e n t i a l  f o r  h y pog lycem ic  a c t i v i t y ;
i i )  R was an a l i p h a t i c  s i d e - e h a i n  whose s t r u c ­
t u r e  i n f l u e n c e d  th e  d e g re e  o f  h y p o g ly ce m ic  a c t i v i t y .  I t  
was m axim al f o r  a l k y l s  c o n ta in in g  4  o r  5 -c a rb o n  a to m s, 
l e s s  f o r  3 -c a rb o n  a l k y l s  and s t i l l  l e s s  f o r  a l k y l s  o f  
g r e a t e r  o r  s m a ll  s i z e .
The c o n c lu s io n s  o f  L o u b a t i e r e s  and co w o rk e rs
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w ere  c o n firm e d  by La B a r r e  and R eu ss  i n  B elg ium  and by 
Chen8 4  i n  U .S .A .
R e c e n t ly  t h e  s y n t h e s i s  o f  a  num ber o f  r e l a t e d  
compounds h a s  b een  r e p o r t e d  i n  w hich  th e  jg-am ino g ro u p  
o f  b en ze n e  h a s  been  r e p la c e d  by a l k y l  g ro u p s :  v i z . ,
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2 -  ( a lk y lb e n z  ene s u l f  onam ido) - 5 - a l k y l - 1 , 3 , 4 - t h i  a d i  a z o le  
(XXV; X = S ) . S t r u c t u r a l  a n a lo g u e s  o f  t h e s e ,  l i k e  
o x a d ia z o l e s  (XXV; X = 0) h a v in g  s u b s t i t u e n t s  r a n g in g  
from  m e th y l to  h ig h e r  a l k y l s ,  a lk o x y - ,  and h a lo g e n s  a t  
d i f f e r e n t  p o s i t i o n s  o f  t h e  b en zen e  n u c le u s  i n  c o m b in a tio n  
w i th  d i f f e r e n t  a l k y l s  and c y c l o a l k y l s  a t  t h e  5 - p o s i t i o n
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o f  t h e  h e t e r o c y c l i c  r i n g ,  have  a ls o  b een  r e p o r t e d
8 6 ,8 7
H---- N Ol\
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0HC.-NH,
XXV XXVI
F u r t h e r ,  i s o m e r i c  t h i a d i a z o l e s  l i k e ,  1 , 2 ,
QQ
5 - t h i a d i a z o l e - 3 ,  4 -d ic a rb o x a m id e  (XXVI) and 5 - ( a r y l -
89
s u l fo n a m id o - ) - 3 «  s u b s t i t u t e d - 1 , 2 , 4 - t h i a d i a z o l e s  have b e en
c la im e d  to  be h ig h ly  e f f e c t i v e  w here l i v e r  f u n c t i o n  h a s  
becom e im p a ired *
90I n  a c c o rd a n c e  w ith  th e  f i n d in g s  t h a t  i n s u l i n
a s  w e l l  a s  p a n c r e a t i c  i s l e t s  c o n ta in  l a r g e  am ounts o f  s u l f u r -
c o n ta i n in g  com pounds, l i k e  c y s t i n e ,  c y s t e i n e  and g l u t a t h i o n e
w h ich  p la y  an im p o r ta n t  r o l e  i n  c a r b o h y d r a te  m e ta b o l is m ,
9 l  92
s u l f o n y l  d e r i v a t i v e s  o f  amino a c id  such  as g ly c in e  * ,
h a v e  b een  i n v e s t i g a t e d .
A no the r g ro up  o f  compounds o f  r e l a t e d  s t r u c t u r e
t h a t  h av e  r e c e iv e d  some a t t e n t i o n  a re  th e  a r y l s u l f o n y l -
9 3 —95 96
s e m ie a rb a z id e s  and c o r re s p o n d in g  t h io s e m ic a r b a z id e s
h a v in g  an a l k y l  c h a in  c o n ta i n in g  u p to  7 -c a rb o n  a to m s,
e i t h e r  open  o r  i n  a  c y c l i c  form* T hese  h a v e  b een  c la im e d
t o  p o s s e s s  v a ry in g  d e g re e s  o f  h y p o g ly cem ic  a c t i v i t y *
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(e )  S u l f o n y lu r e a s  and r e l a t e d  com pounds; 
S u l f o n y l u r e a s  (XXVII5 R = a r y l ,  R* = o p e n -c h a in  o r  
c y c l i c  a l k y l  g ro up ) c o m p rise  t h e  m ost im p o r ta n t  g ro u p  o f  
compounds u s e d  i n  o r a l  d i a b e t i c  th e r a p y ,  and c o n s t i t u t e  
t h e  m ost -widely i n v e s t i g a t e d  s e r i e s .
0
it
r - s g 2 -n h -c - n h r *
XXVII
S in c e  th e  a c c i d e n t a l  d i s c o v e r y  o f  b lo o d - s u g a r
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lo w e r in g  e f f e c t  o f  c a rb u ta m id e  , th o u s a n d s  o f  t h e s e  s u l ­
f o n y l u r e a s  d e r i v a t i v e s  h av e  b een  s y n th e s i s e d  and t e s t e d 9 8 **10^ .  
The m ost im p o r ta n t  o f  t h e s e  a r e  g iv e n  i n  t h e  T a b le  I :
2*3A&.... I
H ypogly D u r a t io n  o f
Hame A ry l R* cem ie  p e r s i s t e n c e  o f
a c t i v i -  d e t e c t a b l e
t y  am ounts i n
b lo o d
C a rb u ta m id e 4-NHgC6H4- C4H9 33 h o u rs
T o lb u ta ia id e 4- c h 3c 6h 4- CA ++ 4  h o u r s
C h lo rp ro p am id e 4-C l-C 6H4- C3®7 +++ 35 h o u r s
M etahexam ide 3,4-HHg
<ch3} - c 6h3_
CflH 6 11
++++ 26 h o u r s
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The v a r i a t i o n  o f  t h e  s u b s t i t u e n t s  a t  t h e  two
p o s i t i o n s  (XXVII5 R and R*) d e te r m in e s  t h e  d e g re e  o f
h y p o g ly cem ic  a c t i v i t y ,  i t s  d u r a t i o n  and th e  e x t e n t  o f
t o x i c  s id e  e f f e c t s .  The v a r i a t i o n s  a t  R .a n d  R* th u s
made a r e  to o  num erous to  b e  d i s c u s s e d  h e r e  and som etim es
c o n t r a d i c t o r y  r e s u l t s  h a v e  b e e n  o b ta in e d  by d i f f e r e n t
g ro u p  o f  w o rk e rs .  E x h a u s t iv e  re v ie w s  o n  th e  e f f e c t  o f
d i f f e r e n t  s u b s t i t u e n t s  a t  R and R ' on t h e  h y p o g ly cem ic
1 0 1 -104
a c t i v i t y  a r e  a v a i l a b l e  • F o r  o u r  p u rp o s e ,  i t  w i l l
s u f f i c e  to  g iv e  a summary o f  t h e  s a l i e n t  p o i n t s  r e g a r d in g  
t h e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  i n  t h i s  s e r i e s :
1 ) I n  c o n t r a s t  t o  L o u b a t ie r e s *  com pounds, th e  
p-NHg group  i s  n o t  e s s e n t i a l  f o r  h y p o g ly cem ic  a c t i v i t y  o f  
t h e  s u l f o n y l u r e a s .  Some o f  t h e s e  new com pounds, e . g . ,  
t o lb u ta m id e ,  b e in g  d e v o id  o f  a n t i b a c t e r i a l  p r o p e r t y ,  a re  
a c t u a l l y  l e s s  t o x i c  th a n  c a rb u ta m id e .  The m ost p o te n t  and 
l o n g e s t  a c t i n g  d ru g s  o f  t h i s  s e r i e s  a r e  th e  h a lo g e n -  
s u b s t i t u t e d  s u l f o n y l u r e a s ,  o f  w hich  t h e  c h lo rp ro p a m id e  has 
t o  d a te  p ro v ed  c l i n i c a l l y  t h e  m ost s a t i s f a c t o r y *
2 ) When th e  NHg g ro u p  i s  r e p l a c e d  by -OH, -CHjjOH, 
-C00H, and -NOg, hyp o g ly cem ic  a c t i v i t y  i s  l o s t  e n t i r e l y *
3) F o r th e  d e s i r e d  e f f e c t  on  t h e  b lo o d  s u g a r  
l e v e l ,  R* m ust b e  an a l k y l  g ro u p  o f  a  c e r t a i n  s i z e  and 
c o n f e r  l i p o p h i l i c  p r o p e r t i e s  on  t h e  m o le c u le .  M eth y l g ro u p
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i s  i n a c t i v e ,  e t h y l  h a s  some a c t i v i t y ,  and m axim al a c t i ­
v i t y  i s  o b t a in e d  w ith  a  s i d e - c h a i n  a l k y l  g ro u p  c o n ta in ­
i n g  3 -6  c a rb o n  a tom s. A c t i v i t y  d im in i s h e s  a g a in  w i th  
g r e a t e r  c h a in  l e n g t h  and i s  l o s t  c o m p le te ly  w i th  a l k y l s  
o f  12 o r  m ore ca rb o n  a tom s. A ry l s u b s t i t u e n t s  a t  R* 
g e n e r a l l y  g iv e  t o x i c  compounds, a l th o u g h  some, such  a s  
m e ta h ex a m id e , h av e  p o w e rfu l  h y p o g ly cem ic  a c t i o n .
o
NHj.
M echanism  o f  a c t i o n  o f  s u l f o n y l u r e a s
P io n e e r in g  w r k  i n  t h i s  f i e l d  h a s  b een  done
105by L o u b a t i e r e s .  As p o in te d  o u t  by him t h e  m a j o r i t y  
o f  p h a rm a c o lo g ic a l  s u b s ta n c e s  a r e  n o t  c h a r a c t e r i s e d  by a  
s im p le ,  s p e c i f i c  and e x c l u s i v e  m echanism  o f  a c t i o n .  I n  
a d d i t i o n  to  a  p r i n c i p a l  a c t i o n ,  t h e r e  p ro b a b ly  e x i s t  
s e c o n d a ry  e f f e c t s  w h ic h , u n d e r  c e r t a i n  c o n d i t i o n s ,  o v e r ­
shadow  th e  p r i n c i p a l  a c t i o n .  The h y p o g ly cem ic  s u l fo n a m id e s  
a r e  no e x c e p t io n  to  t h i s  r u l e .
The work o f  L o u b a t i e r e s " ^ ^ ,  Chen and A nderson
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and La B a r re  on  e x p e r im e n ta l  an im a ls  a s  w e l l  a s  on  human 
b e in g s  c l e a r l y  f a v o u r s  th e  v iew  t h a t  t h e s e  d r u g s  a c t  by 
s t i m u l a t i n g  th e  ^ - c e l l s  o f  t h e  i s l e t s  o f  L a n g e rh an s  t o  
r e l e a s e  s to r e d  i n s u l i n  and p e rh a p s  a l s o  t o  p ro d u ce  more 
o f  th e  horm one. I n  a d d i t i o n ,  t h e  s u l f o n y l u r e a s  may u n d e r
c e r t a i n  c o n d i t i o n s  a f f e c t  l i v e r  c e l l - a c t i v i t y
e i t h e r  by i n h i b i t i n g  i n  some m anner t h e  o u tp u t  o f  s u g a r
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o r  by r e d u c in g  t h e  a c t i v i t y  o f  an i n s u l l n a s e  s y s te m ,
( f )  M is c e l la n e o u s  d r u g s t I t  w ould be  p e r t i n e n t  
t o  m e n tio n  some o f  th e  d i f f e r e n t  ty p e s  o f  compounds w h ic h , 
th o u g h  q u i t e  d i f f e r e n t  i n  s t r u c t u r e  from  th e  known hyp o ­
g ly c e m ic  a g e n t s ,  h av e  b e en  c la im e d , from tim e  t o  t im e ,  to  
e x h i b i t  h ypog ly cem ic  a c t i v i t y .  T hese  i n c lu d e  K o b a y a sh i* s
m e s o x a l ic  a c id  (X X V III); H u l t q u i s t * s  m o n o io d o a c e t ic  
113
a c id  and amide ' ; T a r a l l * s  T r i s - b u f f e r  (T r is h y d ro x y m e th y l-  
am ino) m e t h a n e ^ 4 , (XXIX); P a g l i a r o * s  « C - l ip o ic  a c id '1'1^ , ’L1^ ,
HO / t 0 0 H
H 0 / C - C O O H  ^ - C - c ^ h
H 0  C H j p H
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xxyinv x x i x
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(XXX)j G u a r i a n 's  n i c o t i n i c  a c id  ; B e r ry * s  n i c o t i n e
and p h e n y lb u ta z o n  (XXXI). T hese  s u b s ta n c e s  have  been
c la im e d  to  hav e  b lo o d - s u g a r  lo w e r in g  a b i l i t y  b u t  t h e i r
c l i n i c a l  d a t a  a r e  n o t  a v a i l a b l e .
B ased  on  c o n s i d e r a t i o n s  o u t l i n e d  b e lo w ,
3 - s u b s t i t u t e d  h y d a n to in s  and t h io h y d a n to in s 1*9 *12^ as
119
w e l l  a s  & - s u b s t i t u t e d  h y d a n to ic  e s t e r s  w e re  a ls o * -p re p a re d .
-v 1
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Some o f  t h e s e  compounds a l th o u g h  p ro m is in g  i n  p r e l i ­
m in a ry  e x p e r im e n ts ,  f a i l e d  t o  show c o n s i s t e n t  a c t i v i t y  
h i g h  enough f o r  c l i n i c a l  u s e .
C o n t r o l  o f  d i a b e t e s  h a s  a l s o  b een  r e p o r t e d
e i t h e r  w i th  e s t r o g e n  a lo n e  o r  i n  c o m b in a tio n  w ith
121,122 i n s u l i n  .
P r e s e n t  work
The f o r e g o in g  d i s c u s s i o n  c l e a r l y  shows t h a t  
t h e r e  a r e  a  wide v a r i e t y  o f  compounds w hich  e x h i b i t  
h y p o g ly c e m ic  a c t i v i t y  i n  e x p e r im e n ta l  a n im a ls  a s  w e l l  
a s  i n  man* T h e i r  em ergence u n d o u b te d ly  p o i n t s  t o  t h e  
p o s s i b i l i t y  o f  a  p o s i t i v e  c h e m o th e ra p e u t ic  a p p ro a c h  to  
t h e  p rob lem  o f  d i a b e t e s .
In  c o n s i d e r a t i o n  o f  a l l  t h e s e  f a c t o r s ,  i t  
seem ed o f  i n t e r e s t  to  s tu d y  th e  c h e m ic a l  s t r u c t u r e s  o f  
t h e  known a n t i d i a b e t i c  a g e n ts  w ith  a  v ie w  to  f i n d in g  o u t  
a  common m o ie ty  i n  th e s e  compounds w hich may be  r e g a rd e d  
a s  t h e  p r im a ry  f u n c t i o n  r e s p o n s i b l e  f o r  t h e  h y p o g ly ce m ic  
p r o p e r t y  o f  th e  e n t i r e  m o le c u le .  A c r i t i c a l  e x a m in a t io n  
o f  some o f  th e  im p o r ta n t  hy p o g ly cem ic  a g e n ts  (T ab le  I I )  
r e v e a le d  t h a t  th e y  a l l  w ere  c h a r a c t e r i s e d  by  t h e  p r e s e n c e  
o f  e i t h e r  a  u r e a ,  a  g u a n id in o  o r  a  p o t e n t i a l  t h i o u r e a  
f u n c t i o n  i n  t h e  m olecu le*
T a b le  I I
£ -h 2nc6h4so2-
oit
.C H , 
"CH 3
S CH*
P“H2NC6H4 S02" 4nh- c - ne/-buI . I
i o i
P -CH3C6H4 S02
I
rNH-C-Nll-BU
1 NH I NH
I it , n
C6H5“ (C V  2-----'^Nn-C-NH-C-NHg
HC-
3
------v' II I
~ ~ j > -C-NH-i
H3C| H
IPTD
BZ 55
D -860
DBI
P y ra z o le
H y d a n to in
T h is  i n c lu d e d  a ls o  t h e  o l d e r  t o x i c  h y p o g ly ce m ic  
a g e n t s  -  g u a n id in e  and s y n t h a l i n .  A s y n t h e t i c  programme 
su c h  as -would l e a d  to  t h e  p r e p a r a t i o n  o f  o r g a n ic  compounds 
o f  d i f f e r e n t  t y p e s ,  w hich  would c o n ta in  i n  t h e i r  m o le c u la r  
m ake-up  o n e  o r  more o f  th e  a f o r e s a i d  f u n c t i o n s ,  e i t h e r  f r e e
27
o r  p o t e n t i a l ,  was t h e r e f o r e  p lan n ed *
The v a r i o u s  s e r i e s  o f  compounds t h a t  w ere 
s t u d i e d  w i th  t h i s  p la n  i n  v iew  a r e  d i s c u s s e d  be low : 
S u i t a b l y  s u b s t i t u t e d  1 , 2 , 4 - t h i a d i a z o l e s  o f  
t h e  ty p e  (XXXII-XXXV) were t h e  f i r s t  o f  t h e  s e r i e s .  T hese 
a r e  c l o s e l y  r e l a t e d  to  t h e  1 , 3 , 4 - t h i a d i a z o l e s  -  t h e  p ro ­
g e n i t o r s  o f  t h e  p r e s e n t  day  s u l f o n y lu r e a s *  The t a u to m e r ic  
p o s s i b i l i t y  i n  th e  3 - ,  and 5 -am in o - 1 , 2 , 4 - t h i a d i a z o l e s  was 
s t u d i e d  by u l t r a - v i o l e t  s p e c tro sc o p y *
The maximum a c t i v i t y  was e x h i b i t e d  by N - (2 -  
p y r i d y l - ) ,  N* -  3 - ( 5 - p h e n y l - 1 , 2 , 4 - t h i a d i a z o l y l )  u re a *
T h is  l e d  t o  a  s tu d y  o f  u r e i d e s  c o n ta in in g  a  p y r i d in e  
n u c le u s  a t  one e n d . Thus compounds o f  th e  ty p e  (XXXII, 
X X X III, XXXIV, XXXV) w ere s y n t h e s i s e d .
o
it
XxxD xxxln
xxxiv x x x v
As mentioned e a r l i e r ,  the  su lfo n y lu reas  and
b ig u a n id e s  e x h i b i t  t h e i r  p r o p e r t i e s  by d i f f e r e n t  modes 
o f  a c t i o n  and a c o m b in a tio n  th e r a p y  w ith  th e  u s e  o f  
T o lb u ta m id e  and P h en o fo rm in  h a s  shown m ost e f f e c t i v e  
r e s u l t s .  A t h i a d i a z o l e  m o le c u le  c o n ta in in g  g u a n id in o u re a  
m o ie ty  (XXXVT) as an i n t e r n a l  c o m b in a tio n  was a l s o  p re p a re d *
R-SO NH-C-NH-C-NH -
XXXVI
S u l f o n y l im id a z o l id in o n e s  (XXXVII), p y r im id o n e s ,  
(XXXVIII) and u r a e i l s  (XXXIX) may b e  r e g a rd e d  a s  c y c l i c  
a n a lo g u e s  o f  th e  e x i s t i n g  e f f e c t i v e  s u l f o n y l u r e a s  and would 
be e x p e c te d  to  p r e s e n t  a  s i m i l a r ,  th o u g h  m ore r i g i d ,  m ole ­
c u l a r  c o n f i g u r a t i o n  f o r  i n t e r a c t i o n  a t  th e  r e l e v a n t  b i o ­
r e c e p t o r s .
XXXVII XXXVIII XXXIX
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A s y n t h e s i s  o f  t h e  compounds o f  t h e  t y p e ,
XXXVII, XXXVIII, XXXIX, w as, t h e r e f o r e ,  u n d e r ta k e n  and 
a  s tu d y  made o f  th e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  i n  
t h e s e  s e r i e s *
I n  a d d i t i o n ,  some N -to sy la m in o  a c id  am ides(XL) 
h a v e  a l s o  b een  s y n th e s i s e d  w i th  a  v iew  to  s tu d y in g  th e  
e f f e c t  o f  i n t r o d u c i n g  a m e th y le n e  r e s i d u e  i n  th e  u r e a  
m o ie ty  o f  h y p o g ly ce m ic  s u l f o n y lu r e a s *
R* 0
i  it
R-SOgNH-CH- (CHg) Q-C -NHR"
XL
%
A co m p ariso n  o f  th e  a c t i v i t i e s *  i f  any , o f  
t h e s e  com pounds, w i th  t h o s e  o f  th e  f o r e g o in g  s u l f o n y l u r e a  
d e r i v a t i v e s ,  would th ro w  l i g h t  on t h e  f u n c t i o n  o f  t h e  u r e a  
m o ie ty  i n  th e  l a t t e r  ty p e  o f  compounds*
A n o th e r  l i n e  o f  a p p ro a c h  was t h e  s tu d y  o f  t h e  
e f f e c t  on  b lo o d  s u g a r  o f  s e p a r a t in g  t h e  u r e a  m o ie ty  from  
t h e  s u l f o n y l  f u n c t i o n  i n  t h e  compounds o f  th e  ty p e (X L I) .
R' 0 
t it
R- SOgNH CH2CH2 -N-C-NHR*'
XLI
R e p o r ts  from  d i f f e r e n t  l a b o r a t o r i e s  have  dem ons- 
123*124
t r a t e d  th e  a b i l i t y  o f  a u x in  and a u x i n - l i k e  s u b s ta n c e s
t o  lo w e r  th e  b lo o d  s u g a r  l e v e l  and a t t e m p ts  h a v e  been  made 
t o  c o r r e l a t e  th e  a u x i n - l i k e  a c t i v i t y  o f  t h e  compounds w i th  
t h e i r  hyp o g ly cem ic  e f f e c t s .  H ypoglycem ic and a u x i n - l i k e  
a c t i v i t i e s  a p p e a r  to  have somewhat common s t r u c t u r a l  
r e q u i r e m e n t s .  Most o f  th e  h y p o g ly ce m ic s  p o s s e s s  u r e a ,  
t h i o u r e a  o r  g u a n id in o  m o i e t i e s ,  w h ile  some u r e a s ,  a c i d s  and 
am ides have  a l s o  b een  n o te d  as  p o te n t  p l a n t  g ro w th  r e g u ­
l a t o r s .  I t  w as, t h e r e f o r e ,  c o n s id e r e d  d e s i r a b l e  t o  s y n th e ­
s i s e  i n d o l y l  and i s o i n d o l i n y l  compounds c o n ta in in g  u r e a  
m o i e t i e s  w i th  a  v iew  to  exam ine t h e i r  a b i l i t y  t o  a f f e c t  
t h e  b lo o d  s u g a r  l e v e l .  The fo l lo w in g  ty p e s  o f  compounds 
w ere  a c c o r d in g ly  p re p a re d *
o = L - n h r
x H uTXU!
•*CTV
X
CHaCHaHH-C~HHR
H
X L V x t v l
31
The s t r u c t u r a l  c o n f i r m a t io n  o f  t h e  compounds 
s y n t h e s i s e d ,  w h e rev e r  n e c e s s a r y ,  was s u b s t a n t i a t e d  th ro u g h  
t h e  s tu d y  o f  u l t r a - v i o l e t ,  i n f r a - r e d  and n .m .r*  s p e c t r o s ­
c o p y . F o r  ex am p le , i n  th e  s e r i e s  o f  i s o i n d o l i n e s ,  t h e  
c a rb o n -h y d ro g e n  bonds o c c u r r in g  i n  2700-3200  cm~^ r e g io n  
o f  t h e i r  i n f r a - r e d  s p e c t r a  w ere exam ined and r e l a t e d  to  
t h e i r  m o le c u la r  s t r u c t u r e s *
S i m i l a r l y ,  th e  r e a c t i o n  p ro d u c t  o f  h y d ro x y la m in e  
and  v i n y l p y r i d i n e s  was a s s ig n e d  a  d i - a d d u c t  s t r u c t u r e  i n  
c o n t r a s t  t o  t h e  m ono-adduc t s t r u c t u r e  on  th e  b a s i s  o f  
i n f r a - r e d  and n .m . r .  s p e c t r o s c o p i c  ev id e n ce *
32
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CHAPTER I
S y n th e s e s  o f  1> 2 , 4 - t h i a d i  a z o le s  
and i t s  d e r i v a t i v e s
The d i s c o v e r y  o f  t h e  h y p o g ly ce m ic  a c t i v i t y  i n
2 - (j)- amino b en ze n e  s u l f o n  ami do - )  - 5 -  i s o p r o p y l -  1 , 3 ,  4 - t h i  a -
d i a z o l e  (IPTD) by Jan b o n  & c o -w o rk e rs 1 was a  m i l e s t o n e  i n
th e  s e a r c h  f o r  o r a l  a n t i d i a b e t i c  compounds* A l a r g e  num ber
o f  v a r i o u s l y  s u b s t i t u t e d  1 , 3 , 4 - t h i a d i a z o l e s  w ere  p r e p a r e d
(some o f  t h e  im p o r ta n t  o n e s  a r e  l i s t e d  i n  T ab le  I )  and
L o u b a t ie r e s *  p io n e e r in g  work d u r in g  1 9 4 2 -5 5  o n  t h e s e  and
t h e  s u l f o n y l u r e a s  h a s  done much to  c l e a r  o u r  v iew s o n  t h e
i
mode o f  a c t i o n  o f  t h e s e  compounds.
T a b le  I
1*4=-------Isl
p HgjN -C6H4 S0gNH — C C -  R
S '
1 .  R = i s o p r o p y l  (2254  RP)
2 .  R « n  -  b u t y l  (22 63  HP)
3 . R = i s o b u t y l  (2256 RP)
4 .  R « t -  b u t y l  (2259 RP)
5* R a  sgnyl (2261 HP)
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Compound num ber 1 (22 54  RP) was t h e  f i r s t  o f  a  
p h a rm a c o lo g ic a l  and t h e r a p e u t i c  g ro u p  o f  a g e n ts  o f  th e  
su lfo n a m id e  v a r i e t y  t h a t  w ere h y p o g ly c e m ic .
The 1 )3 » 4 -  t h i a d i a z o l e s  w ere s u b s e q u e n t ly
s u p e r s e d e d  by th e  s u l f o n y l u r e a s  b u t  t h e  work done o n  th e s e
2 3 4
compounds by L o u b a t i e r e s  # Chen e t a l *  , and. H o l t  h a s  c o n ­
t r i b u t e d  m a t e r i a l l y  to w a rd s  a  b e t t e r  u n d e r s t a n d in g  o f  th e  
n a t u r e  o f  d ia b e te s *  I t  h a s  shown, f o r  exsanple , t h a t  th e  
d i s e a s e  we c a l l  d i a b e t e s  m e l l i t u s  i s  n o t  a  s i n g l e  e n t i t y *  
I n s iu l in  i n  a  way u n i t e s  th e  d i f f e r e n t  fo rm s by b e in g  t h e
5
o n e  m eans w hich  c a n  n o rm a l iz e  t h e  b lo o d  s u g a r s  o f  them a l l  • 
I t  was s u g g e s te d  e a r l i e r  t h a t  th e  a c t i v i t y  o f  
t h e  t h i a d i a z o l e s  a s  w e l l  a s  t h a t  o f  s u b s e q u e n t ly  i n t r o d u c e d  
s u l f o n y l u r e a s  and th e  b ig u a n id e s  was a s s o c i a t e d  w i th  t h e  .
p r e s e n c e )  I n  t h e i r  m o le c u le s ,  o f  u rea>  t h i o u r e a  o r  a
g u a n id in o  -  m o ie ty#  To v e r i f y  t h e  v a l i d i t y  o f  su c h  a  
h y p o th e s i s )  v a r io u s  3 -  s u b s t i t u t e d  h y d a n to in S )  and 
S -  s u b s t i t u t e d  h y d a n to ic  e s t e r s  w ere  p r e p a r e d .  P r e l im in a r y
7
t e s t i n g  o f  th e s e  compounds on  r a t s  gave e n c o u ra g in g  r e s u l t s  • 
T h is  c o u p le d  w ith  t h e  a l r e a d y  known a c t i v i t y  o f  1 ,  3 , 4 - t h i a -  
d i a z o l e s  s t i m u la t e d  t h e  p r e s e n t  s tu d y  o f  t h e  i s o m e r i c  1 ) 2 , 
4 - t h i a d i a z o l e s .  P r e l im in a r y  t e s t i n g  o f  3 ) 5 - d i a m i n o - l , 2 ,
4 - t h i a d i a z o l e  and 5 -a n in o ~ 3 -  ( p - to lu e n e  s u l f o n a m id o ) - l ,2 >
4 - t h i a d i a z o l e  i n d i c a t e s  t h a t  t h e s e  compounds p o s s e s s  
i n t e r e s t i n g  h y p o g ly ce m ic  a c t i v i t y  and low  t o x i c i t y  (A .K. Roy, 
p e r s o n a l  com m unica tion )*  I t  was> t h e r e f o r e )  c o n s id e r e d  o f
41
i n t e r e s t  t o  i n t r o d u c e  s u lfo n a m id o , u r e a ,  s u l f o n y l u r e a  and 
sem i c a r  b a z id e  m o i e t i e s  i n t o  t h e  1 , 2 , 4 - t h i  a d ia z o le  n u c le u s  
a t  s u i t a b l e  p o s i t i o n s  w i th  a  v iew  t o  t e s t  t h e s e  compounds 
f o r  h y p o g ly cem ic  a c t i v i t y .  A tte m p ts  h a v e  a l s o  b e e n  made 
t o  I n c o r p o r a t e  a  s u l f o n y l  g u a n id in e  r e s i d u e  i n t o  t h e  
t h i  a d ia z o l e  n u c le u s  i n  a  m odel compound i n  o r d e r  to  s e e  
t h e  com bined e f f e c t  o f  b o th  on  th e  b lo o d  s u g a r  l e v e l .  The 
f o l lo w in g  ty p e s  o f  1 , 2 , 4 - t h i a d i a z o l e s  w ere  a c c o r d in g ly  
p r e p a r e d :
. ITRN H —L NV
oii
N-
O
II *
NHCNHSOjR N"
O NH H II 
NH C NH C NH SO^R
N
nr ]y
At th e  sane  t im e  i t  seemed d e s i r a b l e  to  s tu d y  
t h e  s t r u c t u r e  o f  t h e s e  t h i a d i a z o l e s  b e f o r e  u n d e r t a k in g  t h e  
p r e s e n t  s tu d y  a s  th e s e  compounds may ta u to m e r iz e  t o  ( 7 a) 
o r  (Vb) u n d e r  s u i t a b l e  e x p e r im e n ta l  c o n d i t io n s *
42
o
K u rz e r  & T a y lo r  p r e p a r e d  a c e t y l  d e r i v a t i v e s  o f  
3 - a l k o x y - 5 - s u b s t i t u t e d  amino 1 , 2 , 4 - t h i a d i a z o l e s  (V I ) .  They 
s u g g e s te d  t h a t  t h e s e  compounds may hav e  any one  o f  t h e  
fo rm u la e  (V I I ,  a ,  b and c ) .
-OA&k a- ------- OAfcK
-R-NH
Ac -H
N . RN =
V
vt vTi o.
9
G o e r d e le r  and B e c h la r s  , who h ad  a ls o  o b ta in e d  t h e
mono a c e t y l  d e r i v a t i v e s  u n d e r  s i m i l a r  c o n d i t i o n s ,  d e s i g n a t e d
t h e s e  a s  5 - a c e ta n id o  compounds (V II b ) .
An e x a m in a t io n  o f  u l t r a v i o l e t  s p e c t r a  o f  3 -m e th y l -
5 - a m i n o - l , 2 , 4 - t h i a d i a z o l e  ( I ,  B 1 = H ), i t s  m e th y l  d e r i v a t i v e
( V I I I ) ,  and 3 - a m i n o - 5 - p h e n y l - l ,2 ,4 - t h i a d i a z o l e  (IX ) r e v e a le d  
I n t e r e s t i n g  f a c t s *  t h a t  ( I ,  R* * H) and (IX ) b e a r  a  c l o s e  
s i m i l a r i t y  w i th  e a c h  o t h e r ;  ( I ,  R* = H) shows s t r o n g  a b s o rp ­
t i o n  a t   ^ max. 248 mu (*-7856) and (IX) a t  ^ m ax. 2 5 0 , 310 , mu 
( H 3 8 3 8 ,  3 9 2 6 ) ,  w h e rea s  ( V I I I )  d o e s  n o t  show t h i s  a b s o rp ­
t i o n .  I t  w as, t h e r e f o r e ,  c o n c lu d e d  t h a t  ( I ,  R* = H and IX) 
be fo r m u la te d  as (Va) and ( V I I I )  a s  (V b). On t h i s  
a n a lo g y ,  th e  a c e t y l  d e r i v a t i v e s  o b t a in e d  by K u rz e r  and 
G o e r d e le r  would be fo r m u la te d  as  (V i la )*
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U .V . S p e c t r a
3 , 4 -D jU a e th y l-5 - ia in o -4 ,  5 - d i h y d r o - l  12 ,  4 - t h i  a d i  a z o le
10
h y d r o io d id e  ( V I I I )  was p r e p a r e d  by P u l  Venn ache r*  s  m ethod
8by  m e th y la t i n g  ( I ,  R* = H ). K u rz e r  and T a y lo r  found  t h a t
(IX ) was r e s i s t a n t  to  m e th y l a t i o n  w i th  m e th y l  i o d i d e  u n d e r  
t h e  above c o n d i t io n s *  The p r e s e n t  e x p e r im e n ts  c o n f i rm  t h e i r  
f i n d i n g s  and t h i s  i s  i n  a c c o rd  w i th  th e  t h e o r e t i c a l  c o n s i ­
d e r a t i o n s  o u t l i n e d  above* P r e f e r e n t i a l  m e th y l a t i o n  i n  (IX ) 
ffould n o rm a l ly  be  e x p e c te d  to  t a k e  p l a c e  a t  p o s i t i o n  2  due
t o  t a u t o m e r i c  p o s s i b i l i t i e s *  How ever, i t s  p r o x im i ty  t o  t h e
e l e c t r o n e g a t i v e  s u l f a r  i n h i b i t s  t h e  e n t r y  o f  th e  m e th y l
g ro u p  i n  t h i s  p o s i t i o n  a l s o .
The c h e m is t r y  o f  1 , 2 , 4 - t h i  a d ia z o le s  h a s  been
p ro b e d  o n ly  r e c e n t l y  by K u rz e r  e t a l .  and G o e rd e le r  and 
12
c o -w o rk e rs  •
5 -A m in o -3 -m e th y l-1 , 2 , 4 - t h i  a d ia z o le  ( I ,  E* = H) 
h a s  b een  p re p a r e d  by th e  f o l lo w in g  s e r i e s  o f  r e a c t i o n s :
OegHg
CHgCH + CgHgOH + HC1— > CH3C *  NH.HC1 -------- >
NH
II
CH3  C -  NH2 .HC1---------*1 , R* = H
3 -M e th y l-5 - ( p - t o lu e n e  su lfo n a m ld o - )  1 , 2 , 4 -
t h i a d i a z o l e  was s y n th e s iz e d  by c o n d e n s in g  5 - a m in o -3 -
m e th y l -  1 , 2 , t h i  a d ia z o le  w i th  a p p r o p r i a t e  s u l f o n y l
13
c h l o r i d e  ♦  The p - n i t r o  b e n z o y l  d e r i v a t i v e  ( I :R *  = p -  
N02C@H4C0 - )  was p re p a re d  by a l lo w in g  th e  c o r r e s p o n d in g  
amino t h i a d i a z o l e  t o  r e a c t  w i th  p - n i t r o b e n z o y l  c h lo r i d e  
i n  a c e to n e  i n  p re s e n c e  o f  p y r i d in e  5 t h e  5 - ( 3 - p h e n y l  
u r e i d o - )  compound (I*R* = C^HgNHCO-) was o b ta in e d  i n  
e x c e l l e n t  y i e l d  by th e  u s u a l  p r o c e d u r e ,  u s i n g  p h e n y l  
i s o c y a n a te  i n  d r y  a c e to n e .
3 - A m in o -5 -p h en y l-1 , 2 ,  4 - t h i  a d i  a z o le 14  (IX ) 
was o b ta in e d  th ro u g h  th e  f o l lo w in g  seq u en ce  o f  r e a c t i o n s *
C6HsCC1 + H2NCNHGN CgSgCNHCNHCN ------------>
0 m s
CgHgCMHCHHCaiHg ------> IX
F o r  th e  p r e p a r a t i o n  o f  compound ( I I ) ,  th e
i n t e r m e d i a t e ,  e t h y l  N - ( 5 - p h e n y l - l , 2 , 4 - t h i a d i a z o l - 3 - y l )
c a rb a m a te ,  (X ), -which c o u ld  n o t  be p re p a re d  by th e  c o n -
14d e n s a t i o n  o f  3 - f i jn in o - 5 - p h e n y l - l ,2 ,4 - t h i a d i a z o l e  w i th
e t h y l  c h lo ro fo rm  a t e  i n  a c e to n e ,  c h lo ro fo rm , o r  d im e th y l  
fo rm  amide c o n ta in in g  anh y d ro u s p o ta s s iu m  c a r b o n a te  o r  i n  
a b s o l u t e  a lc o h o l  c o n ta in in g  sodium  e th o x i d e ,  was o b ta in e d  
i n  75#  y i e l d  by th e  c o n d e n s a t io n  o f  3 -a m in o -5 -p h e n y l  1 , 2 ,
4 - t h i a d i a z o l e  -with an e x c e s s  o f  e t h y l  c h lo r o fo rm a te  a t
Q
120 C* The c a rb a m a te ,  so o b t a in e d ,  was c o n d en sed  w i th  s u i t
a b le  am ines to  y i e l d  th e  d e s i r e d  t h i a d i a z o l e  u r e a s  ( I I ) *
I n t e r e s t i n g l y  en o u g h , t h e  p h e n y lh y d ra z in e ,  g l y c i n e  e t h y l
e s t e r  and a r y l s u l f o n y l  g u a n id in e  com pared w i th  am ines i n
a c t i v i t y  to w a rd s  t h e  t h i a d i  a z o le  c a rb a m a te .
The s u l f o n y l u r e a  d e r i v a t i v e s  o f  5 - p h e n y l - i , 2 , 4 -
t h i a d i a z o l e  ( I I I )  w ere p r e p a r e d  by t h e  i n t e r a c t i o n  o f  t h e
1 5 ,1 6
a p p r o p r i a t e  c a rb a m a te s  o f  s u l fo n a m id e s  and 3 - amino- 5 -
ph e n y l - 1 , 2 , 4 - 1 h i  a d i  a z o le  •
F o r  t h e  s y n t h e s i s  o f  th e  compound ( I V ) ,  t h e
17
g u a n id in e  h y d r o c h lo r id e  was t o s y l a t e d  and t h e  p r o d u c t
J *
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was cond ensed  w i th  e t h y l - N - ( 5 - p h e n y l - l , 2 , 4 - t h i a d i  a z o l - 3 - y l )  
c a rb a m a te  a c c o rd in g  to  t h e  f o l lo w in g  schem es
NH
II
£  CH3C6H4S02C1 + HgNCNHg.HCl------- >
NH
II
CH3C6H4S02NHCNH2 + X — >IV
EXPERIMENTAL
5-Me th y l-3 -  amino-1 »2» 4 - th i adi azole
This was prepared fo llo w in g  e x a c tly  th e  procedure
12 o o
o u tlin e d  by Goerdeler , a *p . 198-200 C; p ic ra te  m .p. 202 C*
3 -Am ino-5-phenyl-1, 2 , 4 -th ia d ia zo le
This was prepared by the procedure used by K urzer,
o o 
m.p* 132 —34 C.
3»4-3im e th y l-5 -im in o -4 ,5 -d ih y d ro -l, 2 ,  4 - th i adi azo le -H I
A m ixture o f 5 -a m in o -3 -s e th y l-l, 2 , 4 - th i adi azole  
(0 *5  g.) and s lig h t excess o f m ethyl iod ide  was heated fo r  
fo u r hours in  a sealed tube a t 100°C. The reac tio n  m ix tu re , 
on co o ling , was tr itu ra te d  several tim es w ith  cold ethanol* 
The res id u e , on removal o f  the so lvent, was fra c tio n a lly  
c ry s ta lliz e d  from alcohol to  almost co lorless needles,
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m elting  a t 218°C, in  70# y ie ld . (Founds N, 16 .73. 
c4h8i  N3s requ ires  N, 16*35#)
3-Methy1 -5 - (p -to luenesu lfonam ido-)- 1 ,2 ,4 - th ia d i azole
p-Toluenesulfonyl ch loride ( 3 .3g) was added to  
a so lu tio n  o f 5 -a m ln o -3 -m e th y l-l,2 ,4 -th ia d ia zo le  (2  g) in  
p yrid in e  (10*5  m l) and the m ixture kept overn ight* P yrid in e  
was then d is t i l le d  under vacuum and th e residue tre a te d  
cau tio u s ly  w ith  10# HC1 when a sm all q u an tity  o f a gummy 
mass separated which was f i lte r e d *  On fu rth e r a c id if ic a tio n  
o f  the f i l t r a t e ,  a p re c ip ita te  was obtained which on 
c ry s ta lliz a t io n  from ethanol furnished the product, m eltin g  
a t 223-24°C in  63# y ie ld *  (Found: H, 15*95. C10H11N3° 2S2 
requ ires  N, 15*62#).
3-Methy1 -5 - (p -n itro benz am ido-)-1 ,2 , 4 - th i adi azole
A m ixture o f 5 -a m in o -3 -m e th y l-l,2 ,4 - th ia d ia zo le
(0 *9  g ), p -n itro benzoy l ch lo rid e  (1 *5  g ) , and- p yrid in e
(0 *7  g) was re flu xed  in  acetone so lu tio n  fo r 3 hours* A fte r
removal o f  the solvent at reduced pressure, the residue was
tre a te d  w ith  10# 9C1 and p re c ip ita te  re c ry s ta lliz e d  from
o
acetone, m*p. 289 C, in  65# y ie ld *  (Founds N, 21*39* 
C10H8N4 ° 3 S re<J| l i r e s  R> 21*22#)*
3-Me thy 1 -5 -  ( 31 -phenylure ido -) - 1 ,2 ,4 - th i adi azole
Phenyl isocyanate (2 g.) was added g rad ually  to
a so lu tio n  o f 5 - amino-3-me th y l-1 , 2 ,4 - th i adi azole (2 g.)
in  minimum quantity  o f dry acetone and the m ixture kept 
o
a t 40 C fo r one hour. On d ilu tio n  w ith  w atery the  
re a c tio n  m ixture gave a w hite p re c ip ita te  which was 
subsequently c ry s ta lliz e d  from isopropanol-w ater, m.p* 
250°C, in  80# y ie ld . (Found* N, 23*97. c10H1()N40 S 
requ ires  N, 23 .9 3 $ ).
E th y l N -(5 -p h e n y l-l,2 | 4 - th i adi a z o l-3 -y l)  carbamate
3- Am ino-5-phenyl-1>2, 4 -th i adi azole was mixed
In tim a te ly  w ith  excess o f e th y l chloroform  ate and th e
o
m ixture heated grad ually  to 120 C. She tem perature was
m aintained fo r  fo ur hours, follow ed by removal o f  the
unchanged e th y l chloroform  ate under reduced pressure* On
c ry s ta lliz a t io n  from eth an o l, the residue gave the
o
product, m*p« 119 C, in  75% y ie ld . (Found* C, 53 .22 ;
H, 4 .7 7 ; N, 16 .64 . requ ires C, 53 .02 ;
H, 4 .4 2 ; N, 16.86#)
5 -P h e n y l-3 -su b stitu ted  u re id o - l,2 ,4 - th ia d i azolea
In  the general p rep ara tive  procedure, -an
in tim a te  m ixture o f  the above carbamate, the appropriate
amine (1 *2 *5  m olar r a t io ) ,  and a few drops o f p yrid in e
o
was heated at 120 C fo r  3 to  4 hours. P yrid in e  and most 
o f  the unchanged amine were subsequently removed under
reduced pressure and the residue was tre a te d  w ith  cold  
d ilu te  hydrochloric acid; the re s u ltin g  th ia d ia zo le  
c ry s ta lliz e d  from ethano l, Vj/ -d ie th y lan in o p ro p y lu re id o - 
d e riv a tiv e  was, however, is o la te d  as hydrochloride and 
c ry s ta lliz e d  from isopropanol* In  the reaction s in  which
2 - ,3 - ,  and 4 - am inopyridines were employed, the residue  
was simply washed w ith  water and re c ry s ta lliz e d  from 
ethanol*
The compounds prepared in  th is  s e rie s ,a re  
reported in  Table I *
3 - ( 3 «- A r y l s u l f o n y l u r e i d o - ) - 5 - p h e n y l - l , 2 , 4 - t h i  a d i  a z o le  s
A suspension o f 3 -smino- 5 - phenyl-1 ,2 ,4 -
th i adi azole in  benzene was tre a te d  w ith  an equim olar
15 ,16quantity  o f  the appropriate a ry ls u lfo n y l urethanes 
and the m ixture was re flu xed  to a c le a r so lu tio n * The 
solvent was removed under vacuum and the residue heated  
a t 120° / 4  mm fo r 4 hours* The residue was p u r ifie d  
subsequently by re flu x in g  successively w ith  eth an o l, 
e th y l acetate and chloroform* The f in a l  product which 
u su ally  d id  not d issolve in  any o f  these so lvents , was 
obtained in  a c ry s ta llin e  form*
In  the ease o f p -to lu e n e s u lfo n y l- and 
benzenesulfonyl- d e riv a tiv e s , the products were f in a l ly  
c ry s ta lliz e d  from e th y l acetate*
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Compounds prepared in  th is  series  are reported  
in  Table I I *
p -  Toluene su l fony1gu anldine
This was prepared according to C e r k o v n i k o , 
o
m*p* 207-8 C.
l-(p -T o s y lg u a n ld ln o -)-3 -(5 * -p h e n y l-l*> 2* >4*- t h i  adi a z o l-3 * -y l)  
u re a
A m ixture o f  the th i adi azole carbamate (0 .9  g.)
and p - to luenesulfonylguanidine (0*8  g>) was re  fluxed  in
anhydrous benzene t i l l  so lu tio n  occurs* A fte r  removal o f
the solvent at reduced pressure the residue vas g radually  
oheated to 145 C and the m elt vas subsequently kept a t th a t 
tem perature fo r fo u r hours under 4 mm* pressure* The 
residue vas taken in to  alcohol and fra c tio n a lly  recrys­
ta l l iz e d  to give the product m elting  a t 203-5°C , in  58# 
y ie ld . (Found; C, 49*53; H, 4*29; N, 20*53* ci7 H16N6 °3S2 
requ ires C, 49*04; H, 3*85; N, 20*
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S y n th e s e s  o f  i m i d a z o l id in o n e s t t e  t r a h y d r  es­
py  r im i  done > 1 » 1 »3 - s u b s t i t u t e d  
u r e a s *  t o s y l a t e d  amino a c id  
am ides and b a r b i t u r i c  a c id s
I n  p u rsu a n c e  o f  o u r  s e a r c h  f o r  h y p o g ly cem ic  
a g e n t s  among o r g a n ic  compounds c o n ta in in g  u r e a ,  t h i o u r e a  
o r  g u a n id in o - m o ie t ie s 1 , l - a r y l s u l f o n y l - 3 - s u b s t i t u t e d - 2 -  
im id a z o l i d in o n e s ,  c o r r e s p o n d in g  t e t r a  h y d ro p y r im id o n e s  
and 1 - p  t o lu e n e  s u l f o n y l - 3 - b u t y l - d i h y d r o u r a c i 1  h av e  b een  
s y n t h e s i z e d .  The im id a z o l id in o n e s  and te t r a h y d r o p y r im id o n e s  
( I ,  I I )  a re  c y c l i e  a n a lo g u e s  o f  th e  h y p o g ly cem ic  1 - a l k y l - 3 -  
a r y l s u l f o n y l u r e a s  ana -would, t h e r e f o r e ,  be e x p e c te d  t o
V ' x  v \
p r e s e n t  a  s i m i l a r ,  th o u g h  m ore r i g i d ,  m o le c u la r  c o n f i g u r a t i o n  
f o r  i n t e r a c t i o n  w i th  t h e  r e l e v a n t  b i o r e c e p t o r .
W ith  a  v iew  to  f u r t h e r  exam ine th e  s t r u c t u r a l  
' s p e c i f i c i t y  o f  th e s e  s u l f o n y l u r e a s ,  a  few N -to sy la m in o  
a c id  am ides ( I I I )  h a v e  a ls o  b een  s y n th e s iz e d  i n  o r d e r  t o  
s t u d y  t h e  e f f e c t  o f  t h e  i n t r o d u c t i o n  o f  m e th y le n e ( r e s i d u e s  
i n  t h e  u r e a  m o ie ty  o f  h y p o g ly cem ic  s u l f o n y l  u r e a s *
The s t r u c t u r a l  s p e c i f i c i t y  o f  s u l f o n y l u r e a s  
h a s  f u r t h e r  been  e x p lo r e d  by t h e  s tu d y  o f  su e h  compounds
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o f  ty p e  IV :
E* 0 
t 11
RSO NH-CH-(CH2)nCNHR« RSOgNHCHgCHg- N -  C -NHCgHg
I I I  IV
i n  w hich  th e  u r e id o  m o ie ty  i s  s e p a r a te d  ftom  a r y l s u l -
f o n y l  m o ie ty  by th e  i n t r o d u c t i o n  o f  an a m in o e th y l  r e s i d u e .
I n  a d d i t i o n ,  i n  v iew  o f  th e  a c t i v i t y  o f  some
2
o f  th e  h y d a n to in s  r e p o r t e d  e a r l i e r  , i t  seemed o f  i n t e r e s t  
t o  s tu d y  th e  e f f e c t  o f  1- s u b s t i t u t e d  b a r b i t u r a t e s  w hich 
may be c o n s id e r e d  as homo -  h y d a n to in s .  H ypoglycem ic 
a c t i v i t y  h a s  been  r e p o r t e d  f o r  some b a r b i t u r a t e s .
S y n t h e s i s  o f  th e  p a r e n t  n u c le u s
F o r  th e  s y n t h e s i s  o f  l - a r y l s u l f o n y l - 3 - s u b s t i t u t e d  
im id a z o l id in o n e s  and te t r a h y d r o p y r im id o n e s  t h e  f o l lo w in g  
two schem es w ere c o n s id e r e d :
1 . S y n th e s is  o f  th e  p a r e n t  n u c le u s  ( o r  s u i t a b l y  
s u b s t i t u t e d  n u c le u s )  fo l lo w e d  by (a )  a c y l a t i o n  and
(b )  a l k y l  a t  i o n  o f  1-a n d  3 - p o s i t i o n s  r e s p e c t i v e l y .
2 . By r e a c t i n g  N - « -  h a lo  a lk y  1 - 1 - a r y l s u l f o n a m id e  
w i th  s u b s t i t u t e d  u r e t h a n e s .
R*
i 0it
1 . I n  v ie w  o f  th e  re se m b le n c e  o f  th e  s t r u c t u r e  o f
im id a z o l id in o n e s  w i th  u r e a s ,  m ost o f  th e  m eth o d s o f
u r e a  s y n t h e s i s ,  w hich  in v o lv e  t h e  c o n d e n s a t io n  o f  amine
w i th  compounds t h a t  u n d e r  s u i t a b l e  c o n d i t i o n s  would form
2-6
i s o c y a n a t e s ,  have been  u s e d  f o r  t h e i r  s y n th e s e s  • F o r
7
e x am p le , , 6> -  a lk y le n e d ia m in e  on  t r e a tm e n t  w i th  p h o sg en e  ,
8 —13
u r e a  o r  s u b s t i t u t e d  u r e a s  , g iv e  r i s e  t o  im id a z o l id in o n e .  
O th e r  m e th o d s , d e s c r ib e d  f o r  t h e  s y n t h e s i s  o f  t h e  p a r e n t
n u c le u s  I n c lu d e  th e  Hoffiiann re a r ra n g e m e n t  o f  b e n z o y l - ^ -
14 15-19
a la n i n e  amide , r e a c t i o n  o f  e th y le n e  g l y c o l  w i th  u r e a  ,
8
e th a n o la m in e  w i th  u r e a  o r  ammonia and c a rb o n  d io x id e  ,
r e a c t i o n  o f  e th y le n e  d iam in e  a t  e le v a t e d  t e m p e r a tu r e s  and
20 21 
p r e s s u r e  w ith  c a rb o n  d io x id e  , d i e t h y l  c a r b o n a te  o r
22 23
c a r b o n y l  s u l f i d e  , and a l t e r n a t i v e l y ,  e t h y l e n e  c a r b o n a te
24
w i th  ammonia a t  au to g e n o u s  p r e s s u r e s  . I m id a z o l id in o n e s ,  
s u b s t i t u t e d  o r  u n s u b s t i t u t e d ,  have  a ls o  b e en  s y n th e s iz e d  
by r e a c t i n g  e th y le n e  o r  s u b s t i t u t e d  a lk y le n e d ia m in e s  w i th
H2° 2 2S-
( a )  A c y la t io n  o f  th e  p a r e n t  n u c le u s  a t  1- p o s i t i o n
I m id a z o l id in o n e s  re se m b le  v e ry  c l o s e l y  t h e
o p e n - c h a in  u r e a s  i n  s t r u c t u r e  and t h e r e f o r e  a  s i m i l a r i t y
i n  c h e m ic a l  b e h a v io u r  can  a ls o  be p r e d i c t e d .  U n l ik e
c a rb o n y l  u r e a s ,  s u l f o n y l  u r e a s  hav e  n o t  so f a r  b een
o b ta in e d  by th e  a c t i o n  o f  a p p r o p r i a t e  s u lp h o n y l  h a l i d e s
26*34
on  u r e a s  o r  i t s  s im p le  s u b s t i t u t e d  p r o d u c t s  ~ . Two
59
35-38
i s o l a t e d  c la im s  o f  s u c c e s s f u l  c o n d e n s a t io n  o f  t h i s
27  28 39 'IQ
ty p e  h a v e  n o t  b een  s u b s t a n t i a t e d  by l a t e r  work * 9 9 .
A cyl a t  i o n  o f  im ld a z o l id in o n e s  a t  1 - p o s i t l o n  h a s  n o t  b een
41
r e p o r t e d  u n t i l  r e c e n t l y  (N o r ia k ,  A .) w here  a r y l s u l f o n y l
c h l o r i d e  h a s  been  r e a c t e d  u n d e r  m ild  c o n d i t i o n s  t o  g iv e
l - a r y l s u l f o n y l - 2- i m id a z o l id in o n e .
C y c l i z a t i o n  o f  1 - a r y l s u l f o n y l - 3 -  b ro m o e th y l
u r e a  w i th  c a u s t i c  s o d a  h a s  a l s o  b e en  r e p o r t e d  t o  y i e l d
1 - a r y l s u l f o n y l - 2- i m i d a z o l id in o n e  t o g e t h e r  w i th  2- a r y l -
41
s u l f o n a m id o - 2- o x a z o l in e  •
A l t e r n a t i v e  m e th o d s c o n s id e r e d  f o r  t h e  s y n t h e s i s  
o f  th e  a c y la te d  p a r e n t  n u c le u s  in c lu d e d  ( ! )  Hoftaann 
r e a r r a n g e m e n t  o f  P -a ry lsu lp h o n a m id o -p ro p io n a m id e (V )  o r  
( i i )  t h e  L o s s e n s 1 r e a r ra n g e m e n t  o f  t h e  c o r r e s p o n d in g  
h y d ro x am ic  a c id  ( V I ) ,  fo l lo w e d  i n  e a c h  c a s e  by i n t r a ­
m o le c u la r  c y c l i s a t i o n *
RSO^HCHgCHgCONHg |
y  RSOgNHCHgCHgNCO—^ RSOgN-C-NH
I_____I/  TTTT
RSOgNHCHgCHgCONHOR* VXA
VI
T hese  two p r o c e d u r e s ,  h o w ev er, i n  o u r  h a n d s  
d i d  n o t  g iv e  th e  d e s i r e d  p ro d u c ts *
(b )  A lk y l a t i o n  o f  t b e  p a r e n t  n u c le u s  a t  3 - p o s i t i o n
No i n s t a n c e  i s  to  d a te  a v a i l a b l e  to  b r in g  a  
s u b s t i t u t i o n  a t  3 - p o s i t i o n  by r e a c t i n g  1 - a r y l s u l f o n y l
2 - im id a z o l id in o n e  w i th  a l k y l h a l i d e s .  I n  u r e a  and 
s u l f o n y l  u r e a  s e r i e s ,  u s u a l l y  b o th  N -and 0 - a l k y l a t i o n  
would p ro c e e d  by th e  t r e a tm e n t  w ith  a lk y l  h a l i d e s .  A 
s u b s t i t u t i o n  o f  o n ly  a l i p h a t i c  o r  a r a l i p h a t i c  n a t u r e  
m ay , h o w ev er, be e f f e c t e d  i n d i r e c t l y  by a c y l a t i n g  t h e
l - a r y l s u l f o n y l - 2 - i m i d a z o l i d i n o n e  (V II )  w i th  a c id  h a l i d e s  
fo l lo w e d  by r e d u c in g  t h e  c a r b o n y l  f u n c t i o n  t in d e r  m i ld e r  
c o n d i t i o n s  by m eans o f  LAH, The l a t t e r  r e a g e n t  i s  known 
t o  h a v e  l i t t l e  e f f e c t  a t  c a rb o n y l  f u n c t i o n  o f  u r e a s  and 
s u l f o n y lu r e a s *
0  0
I! II
V II + R'CGX--------- » RSO oN-C-N-C-R '------- » I
* ____ I
V I I I
T h is  schem e, h o w ev er, was n o t  f o l lo w e d  u p  s i n c e  
a n o th e r  route t o  t h e s e  compounds showed m ore  p r e m is in g  
r e s u l t s *
2 . S y n th e s i s  o f  l - a r y l s u l f o n y l - 3 - s u b s t i t u t e d - 2 -  
im id a z o l id in o n e s  em ploy ing  s u b s t i t u t e d  u r e t h a n e s
A tte m p ts  t o  p r e p a re  1 - a r y l s u l f o n y l - 3 - s u b s t i t u t e d -
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2-1  m id a z o l id in o n e s  ( I )  by c o n d e n s in g  N- £ -  c h l o r o e t h y l -  
a ry l s u l f o n s m id e  (IX ) w i th  a l k y l  u r e t h a n e s ,  d i d  n o t  
su c c e e d  fey t h e  f o l lo w in g  schem es C°
A m o d i f i c a t i o n  o f  t h e  above schem e a s  shown
b e lo w  l e d  t o  an unam biguous s y n t h e s i s  o f  a  v a r i e t y  o f
l - a r y l s u l f o n y l - 3 - s u b s t i t u t e d  (ev en  a r y l )  - 2 -  i m i d a z o l i -
d in o n e s  ( I )  and c o r r e s p o n d in g  t e t r a h y d r o p y r im id o n e s ; ( I I ) .
Sodium s a l t  o f  t h e  a ry ls u l f o n a m id e  (X) was
r e a c t e d  u n d e r  p r e s s u r e  w i th  p o ly m e th y le n e  c h lo r o h y d r i n ,
42(IX ) t o  g iv e  N - t r -  h y d r o x y a lk y la r y l s u l f o n a m id e  , ( X I I ) .
L a t t e r ,  o n  t r e a tm e n t  w i th  t h i o n y l  c h l o r i d e ,  gave  the
42
c o r r e s p o n d in g  c h l o r o - d e r i v a t i v e  , ( X I I I )  w hich  was 
c o n v e r te d  t o  -  s u b s t i t u t e d  amino a l k y l  a r y ls u l f o n a m id e  
(XIV) by r e  f l u x in g  w i th  a p p r o p r i a t e  a m in e s . The d iam in e  
t h u s  form ed u n d e rw en t sm ooth c y c l i z a t i o n  when t r e a t e d  w i th
R -SOgNHg + Cl-CH2-(C H 2) n-0H --------> R -SOgNHCHg- (CH2) n~0H
I
X XI X II
* X I I I -------- » R -SOgNHCHg(CHg)^-NHR* ------------- » I ,  I I
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phosgene*  P re su m a b ly , th e  c y c l i z a t i o n  p ro c e e d e d  th ro u g h  
t h e  i n t e r m e d i a t e  f o rm a t io n  o f  c a r b a n y l  c h l o r i d e ,  (XV) 'which 
u l t i m a t e l y  r e a c t e d  w ith  th e  l a b i l e  p r o to n  o f  t h e  su lfo n a m id o  
f u n c t i o n  t o  g iv e  t h e  d e s i r e d  p ro d u c t  a c c o rd in g  to  t h e  
f o l lo w in g  m echanism*
ci (*o
SO^NH NHR C o c e ^  ^ y  ^
H2C_£CHa]
XV 71
I R - s p e c t r a  o f  th e s e  im id a z o l id in o n e s  i n  c h lo r o -
- 1
form  s o l u t i o n  c l e a r l y  i n d i c a t e d  a  s h a r p  p e ak  a t  1710 Gh •
4 3
T h is  i s  i n  a c c o rd a n c e  w i th  t h e  f i n d i n g s  o f  B a n d a l l  e t a l  
t h a t  i n  t h e  s e r i e s  o f  h y d a n to in s ,  t h e  c a r b o n y l  f u n c t i o n  a t
- 2-  p o s i t i o n  a p p e a rs  b e tw een  1710-1760  Cm \  O th e r  p e a k s
- 1  - 1
w ere  l o c a t e d  a t  1350 6m • and 1163  Cm c h a r a c t e r i s t i c  o f
44S02 f u n c t i o n  .
( S u b s t i tu t io n  o f  t h e  u r e id o  m o ie ty  a t  3 - p o s i t i o n  
o f  t h e  s u l f o n y l  im id a z o l id in o n e  (V II )  h ad  b e e n  a c h ie v e d  
e a s i l y  by r e a c t i n g  them w i th  a p p r o p r i a t e  i s o c y a n a t e s  i n  
t h e  p r e s e n c e  o f  p y r id in e *
0  0
II II
V II R*NC0 , RSOpN -C -N-C-NHR1
2| I
CHg-C^g
XVI
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The t o s y l a t e d  amino a c id  am id es , ( I I I )  w ere
p r e p a r e d  by t o s y l a t i n g  th e  a p p r o p r i a t e  amino a c id s
45
a c c o rd in g  to  M a r s h a l l  and c o n v e r t in g  them  t o  th e  
c o r r e s p o n d in g  a c id  c h l o r i d e s  w h ich  on t r e a tm e n t  w i th  
ammonia s o l u t i o n  gave th e  c o r re s p o n d in g  am id es . The 
s u b s t i t u t e d  am ides were o b ta in e d  by r e a c t i n g  th e  amino 
a c id  e s t e r s  w i th  t h e  a p p r o p r i a t e  am ines .
1 - A lk y l - 2 - (  £  - a r y ls u l f o n a m id o )  e t h y l - 3 -  
p h e n y lu r e a s ,  (IV ) w ere p re p a re d  by r e a c t i n g  th e  N -£  -  
a lk y la m in o e th y la r y l s u l f o n a m id e s ,  (X IV ), w i th  p h e n y l 
i s o c y n a t e  i n  p e tro le u m  e t h e r  s o l u t i o n .
T hese compounds hav e  b een  a s s ig n e d  th e  s t r u c t u r e  
(IV ) b e c a u se  ( i )  o f  t h e i r  f a i l u r e  t o  form  h y d r o c h l o r i d e s ,  
( i i )  t h e i r  s o l u b i l i t y  i n  a l k a l i  and ( i i i )  t h e  IR w h ich
0
- 1  ”
showed ^ max. a t  1661 cm. (>K-C-N<).
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EXPERIMENTAL
42
N- -H y d ro x y e th y 1 ) p - to lu e n e  su lfo n a m id e  s
p -T o sy lam id e  (1  m ole) v a s  added to  a  s o l u t i o n
o f  sodium  (1  m o le ) i n  m e th a n o l ,  t h e  a lc o h o l  d i s t i l l e d  o f f ,
and th e  r e s id u e  v a s  t r e a t e d  tw ic e  w ith  d r y  benzene*  On
re m o v a l o f  th e  s o l v e n t ,  t h e  s o d i o - d e r i v a t i v e  v a s  d r i e d  i n
vacuum d e s i c c a t o r  o v e r  fu s e d  c a lc iu m  c h lo r id e *  E th y le n e
c h lo r o h y d r in  ( 1*2 m o le s )  v a s  added to  t h e  p r o d u c t  and t h e
o
m ix tu r e  was h e a te d  i n  an a u to c la v e  f o r  6  h o u r s  a t  120 C*
The p ro d u c t  v a s  e x t r a c t e d  w i th  h o t  a lc o h o l  to  g iv e  a  v is c o u s  
sy ru p *
The m ethod  v a s  e x te n d e d  to  t h e 'p r e p a r a t i o n  o f  
N -  (I3 -hydroxy©  t h y l ) b enzen e  s u lfo n a m id e ,  N - (P -h y d ro x y e th y l)  
p - C l - , F ,  M e O -,n -P r-b e n z e n e su lfo n a m id e s  and N -(  ^  -h y d ro x y  
p r o p y l )  p - to lu e n e s u l fo n a m id e  u s in g  s e a l e d  t u b e s  i n s t e a d  o f  
a u to c la v e *
42
N - ( P -  C h lo r o e th y l ) - p - to lu e n e s u l f o n a m id e
The above s u b s ta n c e  v a s  t r e a t e d  w i th  t h i o n y l
o
c h l o r i d e  (1 * 3  m o le s)  and s t i r r e d  a t  1 5 -2 0  f o r  2 - 3  h o u r s .
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S t i r r i n g  was c o n t in u e d  ( c o o l in g  i n  i c e - w a t e r  b a th )  f o r  
f o u r  h o u r s  and t h e  r e a c t i o n  m ix tu r e  was a llo w e d  to  s ta n d  
o v e r n i g h t  a t  room te m p e r a tu r e .  The r e s i d u e  was th e n
Q Q
h e a t e d  a t  6 0 -7 0  C f o r  2 h o u r s  and f i n a l l y  a t  100 C f o r  
o n e  h o u r  w h i le  s t i r r i n g  and p o u re d  o n to  c o ld  w a te r*  The 
g r a n u l a r  m ass th u s  o b t a in e d  was c r y s t a l l i z e d  from  
e t h a n o l  o r  m eth an o l*
The p ro c e d u re  was e x te n d e d  to  i n c l u d e  t h e  
s y n t h e s i s  o f  N - ( P - c h lo r o e th y l ) - b e n z e n e s u l f o n a m id e ,  N- 
( P - c h l o r o e t h y l )  p - C l - ,  F - ,  MeO-, and n - P r -  b e n z e n e s u lf o n ­
am ides and N « ( / -  c h lo r o p r o p y l )  - p - to lu e n e s u lf o n a m id e *
H - ( f t - A lk y l - * a r y l - « and a r y l a l k y l - a m i n o e th y l ) - a r y l s u l f o n a m i d e s
As a  g e n e r a l  p r o c e d u r e ,  a  m ix tu r e  o f  th e  above
N - ( p - c h lo r o e t h y l )  a r y l  su lfo n a m id e s  and an e x c e s s  o f  a p p ro -
o
p r i a t e  p r im a ry  am ines was h e a te d  a t  120  C f o r  f o u r  h o u rs*
The e x c e s s  o f  th e  am ines rem oved u n d e r  re d u c e d  p r e s s u r e ^  
t h e  r e s i d u e  t r e a t e d  w i th  c o n c e n t r a t e d  ammonia s o l u t i o n  and 
e x t r a c t e d  w i th  e th e r *  The f r e e  b a s e s ,  o n  rem o v a l o f  t h e  
s o l v e n t ,  w ere o b t a in e d  a s  v i s c o u s  p a le - y e l lo w  o i l s ,  and 
c o n v e r te d  i n t o  t h e i r  h y d r o c h lo r id e s  w hich  w ere  c r y s t a l l i z e d  
from  e th a n o 1 - e t h e r  o r  a c e to n e - e t h e r  m ix tu re s *
N - ( / -A lk y l  amino p ro  p y l ) - p - t o l u e n e  su lfo n a m id e
T h is  was p r e p a r e d  by th e  m ethod  d e s c r i b e d  above 
u s i n g  p ro p y le n e  c h lo r o h y d r in  i n  p la c e  o f  e th y l e n e  c h lo r o h y d r in ,
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o - 3
b * p . 230 C /1 0  mm ( b a th  t e m p e ra tu r e )  (Found N, 10*37 ,
C13H20li2 °2 S Te(^ Lres N* 1 0 .4 1 * .
T h ese  d ia m in e s  a r e  d e s c r ib e d  i n  T ab le  I .
l - A r y l s u l f o n y l - 3 - a l k y l - , a r y l - .  and a r y l a l k y l - 2-» 
im id  a z o l id in o n e  s
As a  g e n e r a l  p r o c e d u r e ,  a  s o l u t i o n  o f  ph o sg en e  
i n  to lu e n e  (1*5 m o le s ;  1 2 $) v a s  added  d r o p v l s e  to  s t i r r e d  
m ix tu r e  o f  th e  above am ines ( 1 .0  m o le ) ,  p o ta s s iu m  c a r b o n a te  
( 1  m o le ) and e t h e r  k e p t  a t  0°C . A f t e r  t h e  a d d i t i o n  v a s  
c o m p le te  th e  m ix tu r e  v a s  s t i r r e d  a t  room te m p e r a tu r e  f o r  
a n o th e r  f o u r  h o u r s .  The s o l v e n t s  v e r e  rem oved u n d e r  vacuum , 
t h e  r e s i d u e  v a sh ed  r e p e a t e d l y  w ith  v a t e r  and c r y s t a l l i z e d  
from  e th a n o l*
The v a r io u s  im id a z o l id in o n e s  t h u s  o b t a i n e d  a re  
d e s c r i b e d  i n  T ab le  2*
1 - A r y l s u l f o n y 1 - 3 - ( s u b s t i t u t e d  and u n s u b s t i t u t e d ) 
p h e n y lc  a rb a m y l-2 - im id  a z o l id in o n e  s
The a p p r o p r i a t e  i s o c y a n a te s  v e r e  added to  a  
s o l u t i o n  o f  l - a r y l s u l f o n y l - 2- im id a z o l id ln o n e s  i n  c h lo ro fo rm  
p y r i d in e  m ix tu r e  and th e  m ix tu r e  h e a t e d  f o r  16 h o u r s  a t  
100°C . On rem o v a l o f  th e  s o l v e n t s  t h e  r e s i d u e  v a s  v a sh e d  
th o r o u g h ly  v i t h  d ry  e t h e r  o r  c r y s t a l l i z e d  from  aqueous 
a c e to n e ,  e th a n o l  o r  a c e to n e - a l c o h o l  m ix tu r e <>
T hese im id a z o l id in o n e s  a re  d e s c r i b e d  i n  T a b le  2 .
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1 - A l k y l - 1 -  (ft -  a r y l  s u l f o n  amidoe t h y l )  - 3 - p h e n y lu r e a s
A m ix tu r e  o f  th e  above r e s p e c t i v e  am ines 
(1  m o le ) and p h e n y l i s o c y a n a te  ( 1*2  m o le s)  i n  p e tro le u m  
e t h e r  was r e f l u x e d  u n d e r  s t i r r i n g  f o r  30 m in u te s*  The 
s o l v e n t  w as rem oved u n d e r  re d u c e d  p r e s s u r e  and th e  p ro ­
d u c t s  p u r i f i e d  e i t h e r  by c r y s t a l l i z a t i o n  from  aqueous 
a lc o h o l  o r  by ch ro m a to g rap h y  o v e r  a lu m in a  u s in g  c h lo ro fo rm  
a s  e l u e n t .
T hese  compounds h av e  b een  d e s c r i b e d  i n  T a b le  3* ' 
T o sy lam lno  a c id  am ides
T o s y la t i o n  o f  amino a c id s  was done  a c c o rd in g  to
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Beecham ,  when p - t o s y l  c h lo r i d e  ( 0 .1  m ole) was added  to  
a  s o l u t i o n  o f  amino a c id  ( 0 .1  m o le )  i n  100  m l . o f  HgO 
c o n ta in in g  NaOH (0*2  m ole) and th e  s u s p e n s io n  h e a te d  to  
7 0 -8 0 °C w i th  sh a k in g  u n t i l  a  c l e a r  s o l u t i o n  r e s u l t e d .
A f t e r  a c i d i f i c a t i o n  i n  c o ld ,  t h e  p r o d u c t  e i t h e r  c r y s ­
t a l l i z e s  o r  i s  t a k e n  i n t o  e t h e r ,  w ashed , and d r i e d  o v e r  
MgSO^. On rem o v a l o f  t h e  s o l v e n t ,  th e  r e s i d u e  was 
c r y s t a l l i z e d  from  e t h a n o l - e t h e r  and p e t r o l  m ix tu re *
The c o r r e s p o n d in g  a c id  c h l o r i d e s  w ere p r e p a r e d  
by r e a c t i n g  t h e  t o s y l a t e d  amino a c id s  ( 0*01  m o le )  i n  
2 0 -3 0  m l. o f  an h y d ro u s  e t h e r  s o l u t i o n  w i th  PClg (0*015  m o le )  
and sh ak en  u n t i l  a l l  o r g a n ic  m a t e r i a l  had  d is s o lv e d *  The 
f i l t e r e d  s o l u t i o n  was d i l u t e d  w i th  100  m l o f  p e t r o l
68
( b . p .  80-10G°C) w h ich , o n  k e e p in g  a t  0°C f o r  s e v e r a l  h o u r s ,  
c r y s t a l l i z e d .
The t o s y l a t e d  amino a c id  e s t e r s  w ere  o b ta in e d
when t h e  t h i o n y l  c h lo r i d e  (1  m o le ) was added d r o p v is e
t o  an  a l c o h o l i c  s o l u t i o n  ( a b s o l u t e  e th a n o l  o r  m e th a n o l)
o
o f  t h e  t o s y l a t e d  amino a c id s  a t  0  C and a llo w e d  t h e  
m ix tu r e  t o  s ta n d  o v e r n ig h t  a t  room te m p e ra tu re *  On 
rem o v a l o f  th e  s o l v e n t ,  t h e  e s t e r  rem a in e d  a s  a  v i s c o u s  
o i l  o r  c r y s t a l l i z e s  o u t .
The c o r r e s p o n d in g  a c id  am ides w ere  p r e p a r e d  by
t r e a t i n g  th e  N - to s y la n in o  a c id  c h l o r i d e s  w i th  aqueou s 
ammonia o r  amine o r  by h e a t i n g  th e  e s t e r s  w i th  a p p r o p r i a t e
i n  T ab le  4 .
1 - p - T o lu e n e s u l f o n y l - 3- b u t v l - d i h y d r o u r a c i 1
A m ix tu r e  o f  P - ( p - to lu e n e s u l f o n a m id o )  
p r o p io n ic  a c id  b u t y l  am ide ( 2*2  g ) ,  e t h y l  c h lo r o  fo rm a te  
(1  m l ) ,  p o ta s s iu m  c a r b o n a te  (1*5 g) and a c e to n e  (20 m l) 
was r e f l u x e d  f o r  t e n  h o u rs*  A cetone  was rem oved u n d e r  
vacuum and t h e  s e m i - s o l id  r e s i d u e  was h e a t e d  a t  110°C /5  mm* 
f o r  s i x  h o u r s ,  c o o le d  and t h e  r e s u l t i n g  1 - p - t o l u e n e s u l f o n y l -
3- b u t y l d i h y d r o u r a c i l ,  w ashed w ith  d i l u t e  h y d r o c h l o r i c  a c i d  
and c r y s t a l l i z e d  from  aqueous e t h a n o l ,  m .p . 9 5 ° c  . (P ound :
C, 55*67; H, (7*35j) N, 8 * 9 9 . C15H2oN204  r e q u i r e s  C, 5 5 ,5 6 }
am ines u n d e r  r e f l u x  a t  100°C f o r  4  h o u r s  and a re  d e s c r i b e d
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1 - S u b s t i t u t e d  u r e a s
T h ese  w ere p r e p a r e d  by th e  s e v e r a l  known 
47-49
m eth o d s  by r e a c t i n g  th e  s a l t s  o f  t h e  a p p r o p r i a t e
am ines w i th  p o ta s s iu m  cyan a t e ,  o r  by r e a c t i n g  th e  f r e e
50
am ines w i th  n i t r o u r e a  i n  a lc o h o l  .
1 - S u b s t i t u t e d  b a r b i t u r i c  a c id s
51
These w ere p r e p a r e d  a c c o rd in g  t o ^ t e i n  .
As a  g e n e r a l  p r e p a r a to r y  p r o c e d u r e ,  a  m ix tu re  
o f  p - t o l y l u r e a  (9 ,3 8  g.) and e th y lm a lo n a te  ( 9 .5  g ) , was 
r e  f lu x e d  f o r  6 h o u rs  a t  120-30°C  i n  a  s o l u t i o n  o f  Na 
( 1 . 5  g) i n  a b s o lu te  e th a n o l  (38 ml*). The r e a c t i o n  
m ix t u r e ,  on  c o o l in g ,  was d i l u t e d  w ith  w a te r  (5 0  m l)  and 
t h e  c l e a r  f i l t r a t e  on  a c i d i f y i n g  w i th  d l l  HC1 (1 * 1 , 13  m l)  
gav e  a  m a s s iv e  p r e c i p i t a t e .  L a t t e r  was p u r i f i e d  by 
d i s s o l v i n g  i n  c a u s t i c  so d a  s o l u t i o n ,  (10#) a c i d i f y i n g  th e  
c l e a r  f i l t r a t e  w i th  d i l  HC1 and r e c r y s t a l i i z i n g  th e  
p r o d u c t  from  w a te r .
T hese hav e  been  d e s c r ib e d  i n  T a b le  5 .
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CHAPTER I I I
S y n th e se s  o f  p y r i d y l a l k y lu r e  as
I n  v ie w  o f  t h e  e n c o u ra g in g  r e s u l t s  o b ta in e d  
d u r in g  an im a l e x p e r im e n ts  on  t h e  h y p o g ly ce m ic  a c t i v i t y  
o f  th e  N - (2 -p y r id y lO -N 1 -  [ 3 - ( 5 - p h e n y l ,  1 , 2 , 4 - t h i a d i a z o l y l ) ]  
u r e a  ( I ) ,  i t  was c o n s id e r e d  d e s i r a b l e  to  a s s e s s  th e  
pharm acodynam ic p o t e n t i a l i t y ,  i f  any , o f  t h e  p y r i d in e  
m o ie ty  i n  te rm s o f  h y p o g ly cem ic  a c t i o n .  A c c o rd in g ly ,  
t h e  fo l lo w in g  ty p e s  o f  s im p le  u r e a  and t h i o u r e a  d e r i v a ­
t i v e s  ( I I ,  I I I ;  n  = 1 o r  2) h a v in g  2 -  o r  4 - p y r i d y l  n u c l e i  
a s  s u b s t i t u e n t s  w ere s y n t h e s i s e d .
X
( CHg) ^ NH C- NHR ^  (CHg)nNHCNHR
I I  I H
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The fo l lo w in g  two schem es w ere fo rm u la te d  f o r  
t h i s  p u rp o s e :
i )  F i r s t ,  t h e  p y r i d y l e t h y l a t i o n  o f  s u i t a b l y  
s u b s t i t u t e d  u r e a  d e r i v a t i v e s  w i th  2 -  o r  4 - v i n y l p y r i d i n e :
0
ti
CH = CH + NHg C-:'NHR
1
0
t!
------ CH2CH2  n h c n h r
i i )  The seco n d  scheme in v o lv e d  t h e  p y r i d y l -  
e t h y l a t i o n  o f  ammonia t o  y i e l d  p y r id y le th y la m in e  w hich  
was con den sed  w i th  t h e  a p p r o p r i a t e  i s o c y a n a te  o r  i s o -  
t h i o c y a n a t e  g iv in g  ( I I )  o r  ( I I I ) .
As a  p r e l im in a r y  to  t h e  f i r s t  schem e, s tu d y  
o f  th e  r e a c t i o n  o f  2 -  and 4 - v i n y l p y r i d i n e s  w i th  p h t h a l -  
h y d r a z id e  and h y d ro x y lam in e  was f i r s t  u n d e r ta k e n .
The a n a lo g o u s  r e a c t i o n s  o f  2 -  and 4 - v i n y l ­
p y r i d i n e s  w i th  am ides and im id e s  u n d e r  b a s e - c a t a l y s e d  
c o n d i t i o n s  as w e l l  a s  w i th o u t  t h e  u s e  o f  any c a t a l y s t  
h a v e  been  d e s c r i b e d .  F o r  ex am ple , th e  r e a c t i o n  w i th
a c e ta m id e  and p ro p io n am id e  was c a t a l y s e d  by sodium  m e ta l1 ,
2 3
t h a t  o f  p h th a l im id e  by T r i t o n  B o r  p i p e r i d i n e  , and
4
s u c c in im id e  a l s o  by a  b a s i c  c a t a l y s t  . The r e a c t i o n  o f  
t h e s e  v i n y l p y r i d i n e s  w i th  l ,3 - b e n z o x a z i n e - 2 ,4 - d i o n e  was
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c a r r i e d  o u t  i n  t h e  a b se n c e  o f  any c a t a l y s t  •
I n  t h e  p r e l im in a r y  e x p e r im e n ts  u s in g  a c id  
c a t a l y s e d  c o n d i t i o n s ,  an a t te m p t  was made i n  t h e  f i r s t  
i n s t a n c e  to  add p h th a lh y d r a z id e  and h y d ro x y lam in e  on  2 -  
and  4 - v i n y l p y r i d i n e s .  P h th a lh y d r a z id e  r e a c t e d  w i th  b o th  
t h e  is o m e rs  u n d e r  a c i d - c a t a l y s e d  c o n d i t i o n s  to  g iv e  
e x c e l l e n t  y i e l d s  o f  m onoadduct p r o d u c ts  ( I V ) ,  w h ich  w ere 
f a r t h e r  c h a r a c t e r i s e d  as h y d ro b ro m id e s .
5
( h y d r o c h lo r id e  i o n  a c t i n g  a s  a  c a t a l y s t )  w i th  4 - v i n y l -
p y r i d i n e  y i e l d e d  a  b a s e ,  whose i n f r a - r e d
-1
s p e c tru m  i n  c h lo ro fo rm  showed a  band  a t  3600 cm > 
c h a r a c t e r i s t i c  o f  f r e e  h y d ro x y l  g ro u p s .  The b a s e  fo rm ed  
a  t r ih y d r o b r o m id e  and a  b e n z o a te  e s t e r  w hich  was i s o l a t e d  
a s  t h e  d ih y d ro b ro m id e . From t h i s  d a t e ,  t h i s  b a s e  i s  
a s s ig n e d  s t r u c t u r e  (V, E = H ).
o
H
o
IV
The r e a c t i o n  o f  h y d ro x y lam in e  h y d r o c h lo r id e
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c h l o r i d e s ,  p h e n y l i s o c y a h a te ) gave r i s e  to  h i g h ly  c o lo u r e d  
gums o r  amorphous s o l id s >  e i t h e r  a s  th e  f r e e  b a s e s  o r  
t h e i r  s a l t s .
g
The n . m . r .  sp e c tru m  o f  VI (R = H) (60  M e.)
i n  d e u te ro c h lo r o f o r m  (u s in g  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l
s t a n d a r d )  showed f i v e  g ro u p s  o f  s i g n a l s :  A s h a r p  s i g n a l
a t  s = 3 .1 3  p .p .m . w hich  i s  a t t r i b u t e d  to  two e q u iv a l e n t
CUH. m o i e t i e s ;  a  b ro a d  s i g n a l  a t  £ = 7 .8 8  p .p .m . w hich  i s  
^ 4
a s s ig n e d  to  HOH and s i g n a l s  w h ich  a re  a s s ig n e d  to  ^ , ( 3 ,  
a n d / - p r o t o n s  o f  th e  p y r i d in e  r i n g .  I n t e g r a l  i n f o r m a t io n  
r e v e a l e d  two <- p r o t o n s ,  two / - p r o t o n s ,  f o u r  @ - p r o t o n s ,  one 
NOHj and eight CHg p r o t o n s .
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The a d d i t i o n  o f  h y d ro x y lam in e  ( a s  t h e  h y d ro ­
c h lo r id e )  to  2 - v i n y l p y r i d i n e  was r e p o r t e d  to  a f f o r d  a
o
compound GyB-j^NgO, m .p . 1 0 5 * 9 -1 0 6 ,8  C, w hich  was fo rm u ­
l a t e d  as N - ( 2 - ( 2 - p y r i d y l )  e t h y l )  h y d ro x y la m in e ,
2 -p^J^N-CHg CHgNHOH. However, r e p e t i t i o n  o f  t h i s  e x p e r i ­
m en t w i th  o r  w i th o u t  m o d i f i c a t i o n  o f  t h e  p ro c e d u re  a lw ays
o
gav e  a s o l i d ,  m .p . 1 0 5 -1 0 6 ,5  C, w hich  a n a ly s e d  f o r  
C14H17N30 , and e x h i b i t e d  a  f r e e  h y d ro x y l  band  i n  i t s  i n f r a ­
r e d  sp e c tru m  ( i n  c h lo ro fo rm  s o l u t i o n )  and f i t t e d  t h e  
d i p y r i d y l e t h y l  h y d ro x y lam in e  s t r u c t u r e  (V I, R = H ) . The 
b a s e  was f u r t h e r  c h a r a c t e r i s e d  by a  c r y s t a l l i n e  d ih y d r o ­
brom ide*  I t  i s  n o t  u n u s u a l  f o r  d i b a s i c  2 - p y r i d y l e t h y l
s u b s t i t u t e d  am ines su ch  a s  2 -CgH4NCH2C}^NHR to  form  e i t h e r
6
m ono- o r  d i p i c r a t e s  , and t r i b a s i c  am ines su c h  a s  N-
( d i a l k y l - a m i n o - a l k y l ) - N - ( 2 - ( 2- p y r i d y l ) e t h y l )  a n i l i n e s  to  
7
form  d i p i c r a t e s  ) •  A ttem p ts  to  p re p a re  o t h e r  f u n c t i o n a l  
d e r i v a t i v e s  o f  V o r  VI (R = H) w i th  a  num ber o f  conven ­
t i o n a l  r e a g e n t s  ( e . g . ,  a c e t y l  c h l o r i d e ,  a r e n e s u l f o n y l
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c h l o r i d e s ,  p h e n y liso c y a x ia te )  gave r i s e  to  h i g h ly  c o lo u r e d  
gums o r  amorphous s o l i d s ,  e i t h e r  a s  t h e  f r e e  b a s e s  o r  
t h e i r  s a l t s .
g
The n .m .r*  sp e c tru m  o f  VI (R = H) (60  H e .)  
i n  d e u te ro c h lo ro fo rm  ( u s in g  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  
s t a n d a r d )  showed f i v e  g ro u p s  o f  s i g n a l s :  A s h a r p  s i g n a l  
a t  5 s  3 .1 3  p .p .m . w hich  i s  a t t r i b u t e d  to  two e q u iv a l e n t  
C„H. m o ie t ie s }  a b ro a d  s i g n a l  a t  5 = 7 .8 8  p .p .m . w hich  i s  
a s s ig n e d  to  NOH and s i g n a l s  w h ich  a re  a s s ig n e d  to  ^  , (2 , 
a n d / - p r o t o n s  o f  th e  p y r id in e  r i n g .  I n t e g r a l  i n f o r m a t io n  
r e v e a l e d  two < - p r o t o n s ,  t w o /  - p r o t o n s ,  f o u r  - p r o t o n s ,  one 
NOH, and e i g h t  CHg p r o t o n s .
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I n  o r d e r  to  p ro v e  c o n c lu s iv e ly  t h e  s t r u c t u r e  
o f  t h e  above a d d u c t (V I, R = H) a n o th e r  r o u t e  f o r  i t s  
s y n t h e s i s  was d e v is e d  w hich  in v o lv e d  th e  r e a c t i o n  o f
2 - v i n y l p y r i d i n e  w i th  b enzy loxy am ine  fo l lo w e d  by th e  
h y d r o l y s i s  o f  th e  p ro d u c t  to  g iv e  VI ( R = H ). The 
a d d i t i o n  o f  b en zy lo x y am in e  to  e i t h e r  2 -  o r  4 - v i n y l p y r i d i n e  
a f f o r d e d  an e x c e l l e n t  y i e l d  o f  t h e  c o r r e s p o n d in g  
d i p y r i d y l e t h y l  d e r i v a t i v e *  As th e s e  compounds c o u ld  n o t  
b e  d i s t i l l e d  s a t i s f a c t o r i l y ,  th e y  w ere i s o l a t e d  a s  s a l t s *  
A g a in , t h e  4 - p y r i d y l e t h y l  d e r i v a t i v e ,  V (R  = CgHgCHg), 
c r y s t a l l i z e d  as th e  t r i h y d r o  b ro m id e , t h e  i s o m e r ic
2 - p y r i d y l  a d d u c t  VI (R = CgHgCHg) a s  t h e  d ih y d ro b ro m id e*
The h y d r o l y s i s  o f  N, N -d i -  2 ( 4 - p y r i d y l ) e t h y l )  b en zy lo xyam in e
V (R = CgHgCHg), w i th  4B% h y d ro b ro m ic  a c id  rem oved th e  
b e n z y l  g ro u p  to  form th e  h y d ro x y  d e r i v a t i v e  V (R = H) a lm o s t 
q u a n t i t a t i v e l y .  A s i m i l a r  h y d r o l y s i s  o f  N, N -d i 2 - ( 2 -  
p y r i d y l ) e t h y l )  -b e n z y lo x y a m in e , VI (R = CgHgCHg), u n d e r  
m i l d e r  c o n d i t i o n s  f u r n i s h e d  th e  c o r r e s p o n d in g  h y d ro x y la m in e ,
VI (R = H ), th u s  a f f o r d in g  c o n d s i v e  p r o o f  o f  s t r u c t u r e  
f o r  th e  2 - v i n y l p y r i d i n e  and h y d ro x y lam in e  adduct*
A l l  a t t e m p ts  to  add 1- s u b s t i t u t e d  u r e a s ,  on  t h e  
above a n a lo g y , to  2 - ,  and 4 - v i n y l p y r i d i n e s  under a  v a r i e t y  
o f  a c id  o r  b a se  c a t a l y s e d  c o n d i t i o n s ,  w e re , h o w ev er, 
u n s u c c e s s f u l*  The o n ly  p r o d u c ts  i s o l a t e d  w ere gums o r  
u n ch an g ed  u re a s*
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The se co n d  r o u te  was more s u c c e s s f u l .  2 -  o r
4 - v i n y l p y r i d i n e  was r e a c t e d  w i th  ammonium c h l o r i d e 1 to  
y i e l d  t h e  c o r re s p o n d in g  p y r id y le th y la m in e .  The l a t t e r  
w i th  th e  a p p r o p r i a t e  i s o c y a n a te  o r  i s o t h i o c y a n a t e  r e a c t e d  
sm o o th ly  to  g iv e  ( I I )  o r  ( I I I )  r e s p e c t iv e l y *
W ith  a  v ie w  to  f i n d  o u t  i f  t h e  s h o r t e n in g  o f  
t h e  c a rb o n  c h a in  l e n g t h  had  any e f f e c t  o n  a c t i v i t y ,  N- 
( 2 - p y r i d y l )  m e th y l - N * - p - to lu e n e s u l f o n y lu r e a  was p r e p a r e d  
by r e a c t i n g  to s y la m id e  w i th  2- p y r id y la c e ta m id e  th ro u g h  
Hoftaann r e a c t io n *
EXPERIMENTAL
F o r  th e  s y n t h e s i s  o f  2 - v i n y l p y r i d i n e , t h e
9
m ethod o f  W in te r f e ld  was fo l lo w e d .  The r e q u i r e d  i n t e r ­
m e d ia te ,  £ - ( 2 - p y r i d y l e t h a n o l )  v a s  p re p a r e d  by r e a c t i n g  
p a ra fo rm a ld e h y d e  w i th  <c - p i c o l i n e  i n  an a u to c la y e  a t  140°C 
u n d e r  50 a tm o sp h e re  p r e s s u r e  o f  H^.
The 2 - v i n y lp y r i d i n e  v a s  o b ta in e d  by d i s t i l l i n g  
th e  above a lc o h o l  o v e r  KOH*
2 - and 4 - ( 2 - A a in o e th y l )  p y r i d i n e s  (V I I )  v e r e  
p r e p a r e d  a c c o rd in g  to  L e v in e 1 by  r e a c t i n g  NH^Cl o n  th e  
r e s p e c t i v e  p y r i d i n e s  and d i s t i l l i n g  t h e  p r o d u c t s ,  2 -  
( 2 - a m in o e th y l )  p y r i d in e  and th e  4 - is o m e r  a t  9 0 -9 3 °C /9  mm 
and 1 1 7 -1 2 0 °C /1 7  mm* r e s p e c t iv e l y *
N -A lk y l ( o r  a r y l )  N » -P (2 -o r  4 - p y r i d y l ) e t h y l u r e a s  o r  t h i o u r e a s
As a  g e n e r a l  p r e p a r a to r y  p r o c e d u r e ,  t h e  a p p ro ­
p r i a t e  I s o c y a n a te  o r  i s o t h i o c y a n a t e  i n  p e tro le u m  e t h e r  
s o l u t i o n  v a s  added  g r a d u a l ly  to  a  s t i r r e d  s u s p e n s io n  o f
2 -  o r  4 -  ( 2 -a m in o e th y l)  p y r id in e  i n  p e tro le u m  e t h e r  i n  co ld*  
A f t e r  30 m in u te s  a t  room te m p e r a tu r e ,  t h e  p r o d u c t  v a s  
f i l t e r e d ,  v a sh e d  w i th  b o i l i n g  p e tro le u m  e t h e r  and c r y s t a l l i z e d
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from  aqueous e th a n o l  o r  from  e t h e r - p e t r o l  m ix tu r e .  
H -P h en y l-N 1- F - ( 4 - p y r i d y l ) e t h y l u r e a
Y ie ld ii 90#} m .p . 156°C (Founds H, 1 7 .0 2  
C14H15N3 ° re (^ r e s  N, 1 7 .4 2 # ) .
N -p -M eth o x y p h en y l)  -N*-(3 -  ( 4 ~ p y r id y l ) e th y l u r e a
Y ie ld *  73#} m .p . 153°C (Found* N, 1 5 .6 8  
C15H17N3O2  r e q u i r e s  N, 1 5 .5 0 # ) .
N -ft - (4 -P y r id y . 'L )e th y l« ‘K<- n - p r o p y lu r e a
Waxy s o l i d .  Y ie ld  50#} m .p . 54-57°C  
(Found* N, 2 0 .4 9 .  C-jjE^NgO r e q u i r e s  N, 2 0 .2 9 # ) .
N -B u ty l-N 1 -  ft • • ( 4 - p y r ld y l )  e t h y l  t h i o u r e a
Y ie ld s  6 1 &  m .p . 66°C . (Found* N, 1 7 .5 8  
C12H19N3S r e q u i r e s  N, 17,72%),
N -P h en y l-N 1-  I3 - ( 2 - p y r i d y l )  e th y  l u r e  a
Y ie ld *  90#} m .p . 123-4°C  (Founds N, 1 7 .6 0  
C14H i6N30 r e q u i r e s  N, 1 7 .4 2 # ) .
H- (3 - ( 2 - P y r i d y l ) e t h y l ) - K t -» p ro p y lu re a
Y ie ld s  53# , v i s c o u s  o i l  a t  room te m p e r a tu r e  
w h ich  c r y s t a l l i z e s  i n  c o ld  (Founds N, 2 0 .0 9  C ^ H ^ N g O
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r e q u i r e s  N: 2 0 .29%).
N -p -M eth o x y p h en y l-N ' -  (3 - ( 2 - p y r i d y l ) e  th y  l u r e  a
Y ie ld s  60%, m .p . 128°C . (Found) N, 15,67 
C15H17N3 °2  re (Ju:I-r e s  N> 1 5 * 5 0 * ).
N -P h en y l-N *- P - ( 2 - p y r i d y l ) e t h y l t h i o u r e a :
Y ie ld :  65*5 m .p . 110 - 111°C . (Found* H, 1 6 ,2 9  
C i^H ^N gS  r e q u i r e s  N, 1 6 .3 4 * )
- P i  ( 2 -  ( 2 -p y  r  i d y l )  e t h y l )  h y d ro x y l  amine
R e d i s t i l l e d  2 -v in y  l p y r i d i n e  ( 2 1 .0  g . ; 0 . 2  m o le )  
was added  to  a  s o l u t i o n  o f  h y d ro x y la m in e  h y d r o c h lo r id e  
(7  g . ;  0*1  m o le )  i n  50% aqu eo us a c e t i c  a c id  (50  m l)  and 
t h e  m ix tu r e  h e a te d  a t  100°C f o r  0*25 hr* The s o l u t i o n  
was c o o le d  t o  0°C and sodium  c a rb o n a te  (3 2  g , ; 0*3 m ole) 
w as ad d ed . The s o l i d  was f i l t e r e d ,  d r i e d ,  and f r e e d  from  
adm ixed in o r g a n i c  s a l t s  by s e v e r a l  e x t r a c t i o n s  'w ith  a c e to n e *  
C o n c e n t r a t io n  o f  t h e  a c e to n e  s o l u t i o n  a f f o r d e d  t h e  b a s e ,
1 9 ,9  g . (82% b a se d  on  2 -v in y  l p y r i d i n e ) , m*p. 102-105°C . 
R e c r y s t a l l i z a t i o n  from  a  m ix tu r e  (6 *3) o f  b en zen e  and 
p e tro le u m  e t h e r  ( b .p .  30-60°C ) gave l i g h t  brown n e e d le s *  
m .p .  1 0 5 -1 0 6 .5 °C . (Found* C, 69*23} H, 6*97} N, 1 7 .2 7 ,  
C14H17N3°  r e q u i r e s  C, 6 9 .1 3 }  H, 7 .06}  N, 1 7 .2 7 * ) .
The d ih y d ro  b rom ide  was i s o l a t e d  i n  a lm o s t  
q u a n t i t a t i v e  y i e l d  by p a s s in g  a  s tre a m  o f  h y d ro g e n  b rom ide
g a s  th ro u g h  an i c e - c o l d  e th a n o l  s o l u t i o n  o f  th e  
h y d ro x y la m in e , 'Che s a l t  was r e c r y s t a l l i z e d  from  
e t h a n o l - e t h e r  ( 8 s 5 ) ,  m .p . 160-161°C . (F ound : C, 4 1 ,7 0 ;
H, 4 ,6 7 ;  N, 10 . 1 2 ; B r , 3 9 ,6 5 ,  BT2 r e q u i r e s
C, 4 1 ,5 0 }  H, 4 .7 4 ;  H, 1 0 .3 7}  B r , 3 9 .4 4 # ) .
N, N - P i  ( 2 -  ( 4 - py r i d y l )  e t h y l )  h y d ro x y lam in e
T h is  h y d ro x y l  amine was p r e p a r e d  i n  7 0#  y i e l d  
from  4 - v i n y l p y r i d i n e  by th e  p ro c e d u re  o u t l i n e d  f o r
2 - v i n y l p y r i d i n e .  I t  c r y s t a l l i z e d  from a c e to n e  I n  c o l o r l e s s  
n e e d l e s ,  m .p . 143-144°C . (Founds C, 6 9 .2 2 }  H, 6 ,9 3 }
N, 17 ,39}  c 14H17N30  r e q u i r e s  C, 6 9 ,1 3 }  H, 7 ,0 6 }  N, 1 7 .2 7 # ) .
The t r i h y d r o  b ro m id e « was c r y s t a l l i z e d  from  ' 
e t h a n o l - e t h e r  and m e l te d  a t  2 00 -202°C . (Founds C, 34 ,71}
H, 4 ,2 0 }  N, 8 ,5 7 ,  C ^ N ^ J  B r r e q u i r e s  C, 34 ,5 9 }  H, 4 ,1 6 ;
N, 8 ,6 5 # ) ,
A s o l u t i o n  o f  t h e  above h y d ro x y la m in e  ( 1 ,2  g . ;
0 ,0 0 5  m o le )  i n  c h lo ro fo rm  (25  m l) was added i n  s m a l l  p o r t i o n s  
(o v e r  a  p e r io d  o f  10  m in . )  to  a  c h lo ro fo rm  s o l u t i o n  o f  
b e n z o y l  c h lo r id e  ( 3 .0  g . ; 0 .0 2  m ole  i n  25 ml.)* A f t e r  
s t a n d in g  a t  25°C f o r  2 h r . ,  t h e  s o lv e n ts  w ere  rem oved i n  
vacuo  and th e  r e s i d u e  d i s s o l v e d  i n  10  m l o f  i c e  w a te r*  
A d d i t io n  o f  20#  sodium  c a rb o n a te  s o l u t i o n  l i b e r a t e d  an o i l
w h ich  was t a k e n  u p  i n  e t h e r  (60 m l . i n  a l l ) *  The e t h e r e a l
;
s o l u t i o n  was d r i e d  (sod ium  s u l f a t e )  and s a t u r a t e d  w i th  
h y d ro g e n  b ro m id e  g a s  a t  0°C* The gum w hich  s e p a r a t e d  was
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d i s s o l v e d  i n  e th a n o l .  C a r e f u l  a d d i t i o n  o f  anhyd ro us 
e t h e r  y i e l d e d  th e  b e n z o a te  d ih y d ro b ro m id e  (1*5  g . ; 6 0 * ) ;  
w h ich  c r y s t a l l i z e d  from  e t h a n o l - e t h e r  ( 2 : 1) ,  m .p .
15 8 -1 5 9 °C . (Found: C, 4 9 .3 7 ;  H, 4 .6 6 ;  N, 8 .2 5 ;  B r, 3 1 .2 9 ;
C21H23^3°2Br2 C, 4 9 .5 2 ;  H, 4 .5 7 ;  N, 8 .2 6 ;  B r ,
31 . 3 8 * ) .
The i n f r a r e d  sp ec tru m  o f  t h i s  compound ( i n  
N u jo l )  showed th e  C = 0 s t r e t c h i n g  f re q u e n c y  o f  th e  e s t e r  
t o  be a t  1740 cm. ”1
B en zy loxyam ine  h y d r o c h lo r id e
A m ix tu r e  o f  N -b e n z y lo x y p h th a l im id e ,  made by
10
t h e  m ethod o f  McKay » (77  g .  ; 0 . 3  m o le ) ,  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c id  (77  m l . )  and a c e t i c  a c id  (250 m l . )  was 
h e a te d  u n d e r  r e f l u x  f o r  0 .2 5  h r . ,  and th e n  e v a p o r a te d  
a lm o s t to  d ry n e s s  i n  v a cu o . Sodium h y d ro x id e  s o l u t i o n  
was added u n t i l  th e  s o l u t i o n  was s t r o n g l y  b a s i c  and t h e  
b a se  e x t r a c t e d  w ith  e t h e r .  The e t h e r  s o l u t i o n  was d r i e d  
(sod ium  s u l f a t e )  and th e n  a  s tre a m  o f  h y d ro g en  c h lo r id e  
was l e d  th ro u g h  i t .  The s a l t  ( 3 3 .8  g . ; 71*) was o b ta in e d  
i n  c o l o r l e s s  s h in in g  f l a k e s ,  m .p . 232°C . L i t . ^ m . p . 2 3 0 - 3 ^ C .
N,N-D1 2 - ( 2 - p y r i d y l ) e t h y l  -b en zy lo x y am in e  d ih y d ro b ro m id e
R e d i s t i l l e d  2 - v i n y lp y r i d i n e  ( 5 .3  g . ; 0 .0 5  m ole)
91
and b e n zy lo x y am in e  h y d r o c h lo r id e  ( 4 .0  g . j  0 .0 2 5  m o le ) 
w ere  h e a te d  i n  5 0#  aqueous a c e t i c  a c id  ( 1 2 .5  ml-) a t  
100°C f o r  0 .2 5  h r .  The s o l u t i o n  was c o o le d  t o  0°C , t r e a t e d  
w i th  sodium  c a r b o n a te  ( 9 .6  g . ; 0 .9 1  m o le ) ,  and t h e  v i s c o u s
o i l  w h ich  s e p a r a t e d  was e x t r a c t e d  w i th  e t h e r  (150 m l ) .  The 
e t h e r e a l  s o l u t i o n  was d r i e d  (sod ium  s u l f a t e )  and an 
i c e - c o l d  s a t u r a t e d  e t h a n o l i e  h y d ro g e n  b ro m id e  s o l u t i o n  
(50  m l) was added . The s a l t ,  w h ich  s e p a r a t e d  a s  a  gum, 
s o l i d i f i e d  upon  s ta n d in g  (1 1 .1 2  g . j  90# ) m .p . 145-150°C  
and was c r y s t a l l i z e d  from m e th a n o l - e th e r  ( 2 :3 )  i n  c o l o r l e s s  
c u b e s  m .p . 157-158°C . (F ound : C, 5 0 .8 3 ;  H, 5 .0 1 ;  N, 8 .5 2 ;
B r ,  3 2 .3 3 ;  Cg^HggNgO Br2  r e q u i r e s  C, 5 0 .8 0 ;  H, 5 .0 8 ;
N, 8 .4 9 ;  B r , 3 2 .3 0 # ) .
The h y d r o c h lo r id e  o r  p - t o l u e n e s u l f o n a t e  c o u ld  
n o t  be  o b ta in e d  c r y s t a l l i n e *
H»N -D i( 2 - ( 4 - p y r id y 1 ) e th y 1 ) ben zy lo x y am in e  t r ih y d ro b r o m id e
T h is  was p r e p a r e d  (8 3 # ) ,  m .p . 169 -172°C , i n  a  
s i m i l a r  f a s h io n  from  4 - v i n y l p y r i d i n e .  I t  c r y s t a l l i z e d  
from  m e th a n o l - e th e r  ( 1 :1 )  m .p . 1 8 0 -1 8 0 .5°C . (F ound : C,4 4 .1 6 ;  
H, 4 .7 3 ;  N, 7 .4 9 ;  B r , 4 1 .7 2 ;  B r3  r e q u i r e s
C, 4 3 .8 0 ;  H, 4 *56 ; N, 7 .5 0 ;  B r ,  4 1 .6 0 # ) .
The t r i - p - t o l u e n e s u l f o n a t e  c o u ld  b e  p r e p a r e d  i n  
6 6 #  y i e l d  by  th e  above p r o c e d u re  when t h e  gum was t r e a t e d  
w i th  p - t o l u e n e s u l f o n i c  a e id  i n s t e a d  o f  h y d ro g e n  brom ide*
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I t  c r y s t a l l i z e d  from  e t h a n o l - e t h e r  ( 4 : 3 ) ,  m .p . 149°C .
(F ound : C, 59*05 ; H, 5*85 ; N, 4*94 ; S , 11*14 ; c 42h 47N3S:30 iq  
r e q u i r e s  C, 59*33 ; H, 5*58 ; N, 4*94 ; S, 1 1 * 3 2 * ).
H y d r o ly s i s  o f  N .N -P i( 2 - ( 4 - p y r ld y 1 ) e th v l)b e n z y lo x y a m in e  
t r ih y d r o b r o m id e
A s o l u t i o n  o f  t h e  s a l t  (1*0 g. ; 0*0017  m o le )
i n  c o n c e n t r a t e d  h y d ro b ro m ic  a c id  (10 m l. o f  48*) and a c e t i c
a c id  (10  m l) w ere h e a te d  u n d e r  r e f l u x  f o r  40 m in . S o lv e n ts
w ere  th e n  rem oved i n  vacuo a t  50°C, and th e  r e s i d u a l  y e l lo w
gum c r y s t a l l i z e d  from e th a n o l  (10  m l ) , and a n h y d ro u s  e t h e r
o(5  m l ) .  The s a l t  (0*82  g . ;  9 8* ) h ad  m .p . 1 9 0 -195  G, 
u n d e p re s s e d  when m ixed  w ith  a  sam ple o f  N, N - d i ( 4 - p y r id y l )  
e th y l ) h y d r o x y la m in e  t r ih y d r o b r o m id e .  T h e i r  i n f r a r e d  
s p e c t r a  (N u jo l)  w ere  a ls o  i d e n t i c a l .  A d d i t io n  o f  20*  
sodium  c a rb o n a te  s o l u t i o n  to  t h i s  s a l t  a f f o r d e d  t h e  f r e e  
b a s e  (m.p* 142-143°C ) w h ich  was i d e n t i c a l  to \J [  (R = H ).
H y d r o ly s i s  o f  N ,N -( 2 - ( 2 - P y r ld y l ) e th y l ) b e n z y lo x y a m in e  
h y d ro b ro m id e
A s o l u t i o n  o f  t h e  s a l t  (4*0  g . ;  0*0081 m ole) 
i n  48*  h y d ro b ro m ic  a c id  (50  m l) was b o i l e d  f o r  5  min* 
o n ly *  The s o l u t i o n  was c h i l l e d  im m e d ia te ly  to  0°C , made 
a l k a l i n e  w ith  10*  sodium  h y d ro x id e  s o l u t i o n ,  s a t u r a t e d  
w i th  sodium  s u l f a t e ,  and t h e  m ix tu r e  e x t r a c t e d  w i th  e t h e r  
(400  m l ) .  The e t h e r e a l  s o l u t i o n  was d r i e d  (sod ium  s u l f a t e ) ,
n y
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t h e  s o lv e n t  removed* and t h e  r e s i d u a l )  b la c k  gum, 
t r i t u r a t e d  w ith  a c e to n e  (2  ml*}. The c r y s t a l s  ( 0 .7  g . ;
3 6 # ) ,  w h ich  s e p a r a t e d  on  s t a n d in g  o v e r n i g h t  a t  5°C , had
m .p .  104-5°C* R e c r y s t a l l i z a t i o n  from  a c e to n e  r a i s e d  t h e
o
m .p . t o  1 0 5 -1 0 7  C, u n d e p re s s e d  o n  a d m ix tu re  o f  a  sam ple 
o f  N ,N -d i (2  ( 2 - p y r i d y l ) e th y  1 ) h y d ro x y la m in e *
N - ( 2 - ( 2 - P y r i d y l ) e t h y l ) p h t h a l h y d r a z i d e
A s o l u t i o n  o f  2 - v i n y lp y r i d i n e  ( 7 .8  g . ;
0 .0 7 4  m o le) and p h th a lh y d r a z id e  (6*0 g ; 0 .0 3 7  m ole) 
i n  7 5 #  aqueous a c e t i c  a c id  (12  mL) was h e a te d  a t  100°C 
f o r  0 .5  h r .  D i l u t i o n  o f  t h e  c o ld  r e a c t i o n  m ix tu r e  w i th  
150 m l . o f  w a te r  a f f o r d e d  t h e  p r o d u c t  (7*75  g , ;  78#  b a se d  
o n  p h th a lh y d r a z id e )  w hich  c r y s t a l l i z e d  from  a c e to n e  a s  
c o l o r l e s s  n e e d l e s ,  m*p* l S Q - lS ^ C .  (F ound : C, 67*64 ;
H, 5 .0 6 ;  N, 1 5 .6 9 ;  Cl 5H13N3G2  r e q u i r e s  C, 67 * 4 1 ; H, 4 *87 ;
N, 1 5 .7 3 # ) .
When e q u im o la r  p r o p o r t i o n s  o f  r e a c t a n t s  w ere  
u s e d ,  t h e  p ro d u c t  was i s o l a t e d  i n  31#  y i e l d  o n ly *
The h y d ro b ro m id e  (p r e p a re d  w i th  h y d ro g e n  b rom ide 
g a s  i n  e th a n o l )  c r y s t a l l i z e d  from  m e th a n o 1 -e th e r  ( 3 : 5 ) ,  m.p* 
2 2 3 -2 2 4 °C . (F ound : N, 1 2 .0 6 ;  C15H14N302B r r e q u i r e s  N, 12*09#)* 
N - ( 2 - ( 4 - P v r i d y l ) e t h v l ^  p h th a lh y d r a z id e  was p r e p a r e d  
i n  9 3 #  y i e l d  from  4 - v i n y l p y r i d i n e  (0*05 m o le ) and p h th a lh y ­
d r a z id e  (0 .0 2 5  m o le ) . I t  c r y s t a l l i z e d  from  e th a n o l  i n  
c o l o r l e s s  n e e d l e s ,  9 *p. 216 -217°C . (Found: C, 67*56 ;
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H, 5 .0 8 ;  N, 1 5 .7 3 ;  r e q u i r e s  C, 6 7 .4 1 ,
H, 4 .8 7 ;  N, 1 5 .7 3 # ) .
The hyd ro  b rom ide c r y s t a l l i z e d  from  m e th a n o l-  
e t h e r  ( 5 ; 2 ) ,  m.p.. 250°C . (Found: N, 1 2 .0 1 ;  C ^ ^ i ^ g O g B r  
r e q u i r e s  N, 1 2 .0 9 # ) .
N - ( 2 -P y r id y l )m e th y l» N *- p - t o l u e n e s u l f o n y l u r e a
A m ix tu r e  o f  2 -p y r id y la c e ta f f l id e  (1*5 g . )
and p - to s y la m id e  (1*7 g . )  was d i s s o l v e d  i n  5 m l. o f
4N-NaQH and 20 m l. o f  w a te r .  The s o l u t i o n  was s lo w ly
o
h e a t e d  t o  60  C arid t r e a t e d  d ro p w ise  w ith  0 .6  m l. o f  
b ro m in e , m a in ta in in g  t h e  pH a t  7 - 7 .5  by c a r e f u l  a d d i ­
t i o n  o f  NaOH s o l u t i p n .  The r e a c t i o n  m ix tu r e  was th e n  
h e a t e d  t o  80 -90°C , c o o le d ,  f i l t e r e d  and t h e  f i l t r a t e ,  
on  a c i d i f y i n g  w i th  d i l  HC1, gave 60#  o f  th e  p r o d u c t ,  
m e l t in g  a t  127°C. (Found N: 1 3 .6 6 #  C^H^gNgO^S r e q u i r e s  
N, 1 3 .7 8 # ) .  v
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CHAPTER IV
S y n th e s e s  o f  i n d o l e » i s o i n d o l i n e  
and t h e i r  d e r i v a t i v e s
D u rin g  h i s  r e s e a r c h e s  on  e n z y m a tic  d e g r a d a t io n  
o f  i n s u l i n ,  M irsky ''1" made an im p o r ta n t  o b s e r v a t i o n  t h a t  
l i v e r  t i s s u e s  c o n ta in e d  a  f a c t o r  c a p a b le  o f  I n h i b i t i n g  
th e  a c t i o n  o f  t h e  i n s u l i n - d e s t r o y i n g  enzym e, t h e  " i n s u -  
l i n a s e 11. A s y s te m a t i c  e x a m in a t io n  r e v e a le d  t h a t  a u x in  and
a u x i n - l i k e  s u b s ta n c e s ,  i n d o l e - 3 - a c e t l c - ,  p r o p i o n i c - ,  and
2 -7  3 ,9
b u t y r i e  a c id s  ; n i c o t i n i c  and a n t h r a n i l i c  a c id s  and
3 IO** 12
t r y p to p h a n e  and i t s  m e t a b o l i t e s  * " ,  on  o r a l  o r  p a r e n t a l
a d m i n i s t r a t i o n ,  in d u c e  m ore o r  l e s s  t h e  same e f f e c t s  t h a t
th e y  a re  i n s u l i n a s e - i n h i b i t o r s  i n  v i t r o  and h y p o g ly c e m ic s
2 ,3
i n  v ivo* M irsk y  and co w o rk e rs  h a v e ,  i n  t h e i r  l a t e r
f i n d i n g s ,  c o r r e l a t e d  t h e  a u x in - l i k e  a c t i v i t y  o f  t h e s e  com­
po und s to  t h e i r  a b i l i t y  t o  lo w e r  t h e  b lo o d  s u g a r .  H ypoglycem ic 
and a u x i n - l i k e  a c t i v i t i e s  a p p e a r  to  have  a  som ewhat common 
s t r u c t u r a l  r e q u i r e m e n t s .  M ost h y p o g ly ce m ic s  p o s s e s s  u r e a ,  
t h i o u r e a ,  o r  a  g u a & id in o -m o ie t le s ,  w h ile  some u r e a s ,  am ides 
h av e  a ls o  been  n o te d  a s  p o t e n t  p la h t - g r o w th  r e g u l a t o r s ^ " 14*
I t ,  t h e r e f o r e ,  a p p e a re d  i n t e r e s t i n g  to  s y n th e s i z e  some i n d o l e  
d e r i v a t i v e s  c o n ta in in g  a  u r e a  m o ie ty  w i th  g. v iew  to  exam ine  
t h e i r  p o s s i b l e  u s e  a s  a n t i d i a b e t i c  compounds*
S t r u c t u r a l  re se m b la n c e  w ith  i n d o le  and i t s  p ro v e n
15 16
pharm acodynam ic p o t e n t i a l i t i e s  9 i n  o t h e r  f i e l d s *  
p ro m p ted  u s  t o  i n c l u d e  th e  i s o i n d o l i n e  n u c le u s  a l s o  i n  
compounds u n d e r  p r e s e n t  s tu d y .  The compounds o f  t h e  
s e r i e s  i l l u s t r a t e d  by form ula©  ( I  t o  V II)  w ere  th u s
v v I
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s y n t h e s i z e d .  A s tu d y  o f  th e  b i o l o g i c a l  p r o p e r t i e s  o f  t h e s e  
compounds would c l e a r l y  show w h e th e r  (1 ) th e  i s o i n d o l i n e  
n u c le u s  p e r  se  h a d  any h y p o g ly ce m ic  p r o p e r t y  ( c f .  t r y p to p h a n e  
i n  th e  i n d o le  s e r i e s )  and ( i i )  w h e th e r  th e  i s o i n d o l i n e  
sy s te m  c o u ld  b e  u s e d  a s  a  u s e f u l  c a r r i e r  o f  a c t i v i t y  a s  a  
s u b s t i t u e n t  i n  t h e  s u l f o n y l u r e a  m o le c u le s  ( iV , R = t o s y l ,
X = 0 ) ( c f .  R * c y c lo h e x y l  and c y c lo h e p ty l  w h ich  a r e  a c t i v e ) .
Some m ore i s o i n d o l i n e  compounds (V, V I, V II )  co n ­
t a i n i n g  g e n e r a l l y  u s e f u l  s u b s t i t u e n t s  ( f o r  exam ple, i n  a n t i -  
h i s t s m i n i c s ,  and a n a e s t h e t i c s )  w ere  a ls o  s y n t h e s i z e d .  T hese 
a r e  d i s c u s s e d  i n  t h e  s e q u e l .
Out o f  a  v a r i e t y  o f  m e th o d s a v a i l a b l e  f o r  t h e
1 7 -2 6  27
s y n t h e s i s  o f  i n d o le  , t h e  one  a c c o rd in g  to  Tyson was
f o l lo w e d  w hich  in v o lv e d  t h e  p y r o l y s i s  o f  p o ta s s iu m  s a l t  o f
0 - fo  r m o to lu id e .
I n d o le  was co n densed  u n d e r  f o r c e d  c o n d i t i o n s  w i th
a p p r o p r i a t e  i s o c y a n a t e s  i n  p r e s e n c e  o f  few  d ro p s  o f  p y r id in e
to  g iv e  a lk y l  o r  a r y l - s u b s t i t u t e d  u r e a s .
T ry p ta m in e  was p r e p a r e d  by LAK r e d u c t io n  o f  
283 , 2 ‘ - n i t r o v i n y l  i n d o le  . The l a t t e r  was o b ta in e d  by
r e a c t i n g  i n d o le - 3 - a ld e h y d e  w i th  n i tro m e th a n e  i n  p r e s e n c e
28
o f  ammonium a c e t a t e  .
A s u s p e n s io n  o f  t ry p ta m in e  i n  p e tro le u m  e t h e r  
r e a c t e d  sm o o th ly  w i th  i s o c y a n a t e s  and i s o t h i o c y a n a t e s  to  
g iv e  th e  c o r re s p o n d in g  u r e a  and t h i o u r e a  d e r i v a t i v e s .  The 
c o r r e s p o n d in g  s u l f o n y l u r e a  d e r i v a t i v e  was o b ta in e d  e i t h e r  by
*  93
p y r o ly z in g  th e  s a l t  o f  e t h y l  N - ( t o l u e n e s u l f o n y l )  c a rb a m a te
w i th  t r y p ta m in e  o r  by r e f l u x i n g  th e  m ix tu r e  o f  b o th  i n
29
to lu e n e  s o l u t i o n "  .
T ry p to p h a n e  was c o n v e r te d  i n t o  m e th y l  e s t e r  and 
th e  f r e e  base  was r e a c te d  w ith  t h e  e t h y l  N - ( p - t o l u e n e s u l ­
f o n y l )  c a rb a m a te  i n  a  way s i m i l a r  to  t h a t  d e s c r ib e d  f o r  
t r y p t  amine to  g iv e  th e  s u l f o n y l u r e a .
S e v e r a l  m ethods a re  r e p o r t e d  i n  l i t e r a t u r e  f o r  th e  
s y n t h e s i s  o f  i s o i n d o l i n e  b u t  e v e n t u a l l y  m ost o f  them  w ere 
found  to  be  i m p r a c t i c a b l e .  F o r  ex am p le , t h e  e l e c t r o l y t i c
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r e d u c t i o n  o f  t h e  p h th a l im id e  r e q u i r e d  s p e c i a l  a p p a r a tu s
and c a r e f u l  c o n t r o l  o f  e x p e r im e n ta l  c o n d i t i o n s  w h i le  o t h e r
31 op 33
m eth o d s  * i n c l u d in g  LAH r e d u c t io n  o f  p h th a l im id e
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s u f f e r e d  from  th e  d raw back  o f  v e ry  p o o r y i e l d s .  B o r n s te in  
(1 95 7 ) r e p o r te d  a  tw o - s te p  s y n t h e s i s  o f  i s o i n d o l i n e  by r e ­
a c t i n g  o -x y le n e  d ib ro m id e  w ith  p - to lu e n e s u l fo n a m id e  fo llo w e d
by c le a v a g e  o f  t h e  su lfo n a m id e  r e s id u e  w i th  h y d ro b ro m ic  a c id
35i n  p r e s e n c e  o f  p h e n o l.  N eum eyer’ s m ethod (1 9 6 4 ) ,  in v o lv in g  
t h e  p r e p a r a t i o n  o f  b e n z y l i s o in d o l in e  and i t s  s u b s e q u e n t -  
h y d ro  g e n o ly  s i s  to  g iv e  i s o i n d o l i n e  w as, h o w ev er, t h e  m ethod 
o f  c h o ic e .
N -B e n z y lp h th a l im id e , p re p a re d  by t h e  a c t i o n  o f  
p h t h a l i c  a n h y d rid e  on b e n z y la m in e , was re d u c e d  to  N - b e n z y l i s o -  
i n d o l i n e  i n  h ig h e r  y i e l d s  by s l i g h t  m o d i f i c a t io n  o f  
Neum eyer p r o c e d u re .  H y d ro g e n o ly s is  o f  N - b e n z y l i s o in d o l in e  
o v e r  p a l l a d iu m - c h a r c o a l  gave th e  i s o i n d o l i n e .
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I s o i n d o l i n e  r e a c t e d  r e a d i l y  i n  p e tro le u m  e t h e r  
s o l u t i o n  w ith  i s o c y a n a te s  and i s o t h i o e y a n a t e s  to  g iv e  s u b s t i ­
t u t e d  u r e a s  and t h i o u r e a s .  The c o r re s p o n d in g  s u l f o n y l u r e a  
d e r i v a t i v e  was o b ta in e d  i n  th e  u s u a l  manner*
A ttem p t was a ls o  made to  s y n th e s iz e  th e  i s o i n d o ­
l i n e  (X I I I )  th ro u g h  th e  a p p l i c a t i o n  o f  H o fm a n n -L o ff le r
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a c c o rd in g  to  th e  fo l lo w in g  schem e:r e  a c t i o n
NHa
XU
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X was o b ta in e d  i n  good y i e l d s  by LAH r e d u c t io n
o f  th e  c o r r e s p o n d in g  cyano compound ( IX ) . N - h a lo g e n a t io n
was a c h ie v e d  r e a d i l y  by th e  a c t i o n  o f  N -c h lo ro s u c c in im id e
o n  (X) i n  m e th y le n e  c h lo r i d e  s o l u t i o n .  The (X I) so o b ta in e d
gave  p o s i t i v e  t e s t s  w ith  K I i n  c h lo ro fo rm  s o l u t i o n  w hich
rem a in e d  u n a f f e c t e d  a f t e r  U-V i r r a d i a t i o n .  The (X II )  d id
n o t  c y c l i z e  by th e  a c t io n  o f  m e th a n o lic  a l k a l i  and i n s t e a d
o f  X I I I ,  an o i l y  p ro d u c t  was o b ta in e d  w hich o n  t o s y l a t i o n
o
g av e  a compound m .p . 110 -112  C . I t  a n a ly s e d  f o r  C15H17H02 S ! 
im a x . 3390 cm 1 (NH), 1325, 1156 cm 1 (SO g). T h is  was
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fo u n d  to  b e  i d e n t i c a l  w i th  th e  t o s y l a t e d  p r o d u c t  o b ta in e d
37b
from  X and was t h e r e f o r e  a s s ig n e d  th e  s t r u c t u r e  XV,
D u r in g  th e  p r e p a r a t i o n  o f  2 - ( 3 - amino p r o p y l )  
i s o i n d o l i n e  (X V III) from  2 -c y a n o e th y lp h th a l im id e  (X V II), 
b o th  cyano and th e  c a rb o n y l  g ro u p s  g e t  re d u c e d  s im u l ta n e o u s ly  
i n  o n e  s t e p  by th e  a c t i o n  o f  I.AH, T h is  b a se  was o b ta in e d  
a s  an o i l  w hich  r e a d i l y  a b so rb e d  c a rb o n  d io x id e  from  th e  
a i r  to  form  s o l i d  c a r b o n a te .  The s a l t  c o u ld ,  ho w ev er, be 
decom posed by th e  a d d i t i o n  o f  s t r o n g  a l k a l i .
The c o r r e s p o n d in g  u r e a  o r  t h i o u r e a  d e r i v a t i v e s  
o f  t h e  above amino w ere e a s i l y  o b ta in e d  by r e a c t i n g  i t  
w i th  a p p r o p r i a t e  i s o c y a n a te  o r  i s o t h i o c y a n a t e  i n  p e tro le u m  
e t h e r  s o l u t i o n  o r  by th e  a c t i o n  o f  am ines on  e t h y l  N - ( / -
iN
i s o i n d o l y l p r o p y l )  c a rb a m a te . The l a t t e r  was o b ta in e d
* 38
a c c o r d in g  to  th e  p ro c e d u re  o f  M a rs h a l l  by  r e a c t i n g  th e
2 - (3 -a m in o p ro p y l)  i s o i n d o l i n e  w ith  e t h y l  c h lo r o fo r m a te
i n  a c e to n e  s o l u t i o n  u n d e r  r e f l u x  i n  p re s e n c e  o f  p o ta s s iu m
c a r b o n a te .
The s y n t h e s i s  o f  1 - [ 3- ( 2 - i s o i n d o l i n y  1 ) - p r o p y l ]  
d i h y d r o u r a c i l  (XX) w hich  may be c o n s id e r e d  a s  an i s o i n d o l i n e  
s u b s t i t u t e d  h o m o -h y d an to in  was a c h ie v e d  by  th e  f o l lo w in g  
se q u e n c e  o f  r e a c t i o n s .
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I t  was fo u n d  t h a t  2 - (3 -a m in o p ro p y l)  i s o i n d o l i n e ,  
(X V III)  c o u ld  be added to  a c ry la m id e  a s  w e l l  a s  to  e t h y l  
a c r y l a t e .  The a d d i t i o n  o f  2 - ( 3 - a m in o p r o p y l ) - i s o in d o l in e  
t o  a c ry la m id e  p ro d u c e d  th e  amide o f  N - ( 3 - l s o i n d o l i n y l )  
p r o p y l )  - b e t  a - a l a n i n e .
On t h e  s t r u c t u r a l  p a t t e r n  o f  some o f  t h e  
w e ll-k n o w n  e m p e ric  d r u g s ,  a  few  m ore i s o i n d o l i n e  d e r i v a t i v e s  
w ere  p r e p a r e d .  T hese  w ere  2 - ( 2 - i s o i n d o l i n y l )  e t h y l  b e n z h y d ry l  
e t h e r  (V) and 1 ,6 -  b i s -  ( 2 - i s o i n d o l i n y l )  h ex an e  ( V I I ) .
T h ree  e s t e r s  c o n ta in in g  i s o i n d o l i n e  r i n g  sy s te m ) 
t h e  2 - i s o i n d o l i n y l e t h y l  4 -a m in o b e n z o a te  h y d ro b ro m id e , 2 -  
i s o i n d o l i n y l e t h y l  d i p h e n y l a c e t a t e  h y d r o c h lo r id e  and
2 - i s o i n d o l i n y l e t h y l  d l - m a n d e la te  h y d r o c h lo r id e  w ere s y n th e s iz e d  
o n  th e  a n a lo g y  o f  p r o c a in e 9 t r a s e n t i n e ,  and e u c a t r o p in e  
r e s p e c t iv e l y *
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M ost o f  th e  compounds p re p a re d  w ere found t o
c o n ta in  t h r e e  c a rb o n -h y d ro g e n  a b s o r p t io n  b a n d s  i n  th e  
- 1
27 00-3200  cm. r e g io n  o f  t h e i r  i n f r a r e d  s p e c t r a .  S in c e
t h e r e  w ere p r e s e n t  i n  t h e s e  m o le c u le s  t h r e e  d i s t i n c t
t y p e s  o f  c a rb o n -h y d ro g e n  b o n d s , i t  was f e l t  t h a t  w i th  th e
a id  o f  s e v e r a l  s im p le  m odel com pounds, a n a l y s i s  o f  t h i s
r e g io n  o f  t h e i r  s p e c t r a  would be p o s s i b l e .  From a  s tu d y
o f  t h e  s p e c t r a  o f  th e  compounds l i s t e d  i n  T ab le  I ,  i t
a p p e a re d  t h a t  t h e  t h r e e  b an d s  w ere  th e  r e s u l t  o f  a b s o r p t io n
by th e  c a rb o n -h y d ro g e n  bonds o f  t h e  a ro m a tic  r i n g ,  t h e
c a rb o n -h y d ro g e n  bonds o f  th e  h e t e r o c y c l i c  r i n g ,  and th e
c a rb o n -h y d ro g e n  bonds o f  th e  a lk y l  c h a in  a t t a c h e d  to
th e  n i t r o g e n  atom .
The bands a p p e a r in g  a t  3025-3050  cm. 1 r e s u l t
from  a b s o r p t io n  by a ro m a tic  c a rb o n  "hydrogen b o n d s . When
o n ly  a s i n g l e  a ro m a tic  r i n g  i s  p r e s e n t  i n  t h e  compound,
th e  band o c c u r s  a t  3025 as a  s h o u ld e r  on  th e  s t r o n g e r  p eak
a t  2940 cm. . However, t h e  a d d i t i o n  o f  a  seco n d  p h e n y l
g ro u p  a s  i n  2 p h e n y l i s o i n d o l i n e ,  2 - p h e n y l - 4 -  a m in o i s o in d o l in e ,
o r  l , 6 - b i s ( 2 - i s o i n d o l i n y l )  h e x a n e , i n c r e a s e s  th e  i n t e n s i t y
o f  t h i s  band and i t  o c c u r s  a s  a  s e p a r a t e  p e a k . The a b s o r p t io n
- 1
b a n d s  a t  2940 to  2975 cm. w ere d e f i n i t e l y  e s t a b l i s h e d .  T hese 
a p p e a re d  to  be d u e  to  a b s o r p t io n  o f  t h e  c a rb o n -h y d ro g e n  
bo n d s o f  th e  a lk y l  g ro u p s  c o n n e c te d  to  th e  h e t e r o c y c l i c
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n i t r o g e n  atom . S u b s t i t u t i o n  o f  a  p h e n y l g ro u p  f o r  th e  
a l k y l  g ro u p , 2 - p h e n y l i s o in d o l in e  and 2 -p h e n y l-4 -a m in o -  
i s o i n d o l i n e ,  r e s u l t e d  i n  t h e  l o s s  o f  a b s o r p t io n  p e ak s  
i n  t h i s  a rea*  F u r th e rm o re ,  t h e  s u b s t i t u t i o n  o f  an e t h y l
TABLE I . STUDY OF THE SPECTRA
Compound
C-H
Bond
Aroma­
t i c
R ing
C-H 
Bond 
H e te r o -  
c y c l i  c 
R ing
C-H
Bond
A lk y l
C h a in
2-Me th y 1 1 s o in d o l in e 3025a 2775 2940
2 - E t h y l i s o i n d o l i n e 3025a 2800 2940-2975
2 - P h e n y l i s o in d o i in e 3050 2750
2 - P h e n y l - 3 - amino-  
i s o i n d o l i n e 3040 2720 • • •
l , 6 - B i s - ( 2 - i s o i n d o -  
l i n y l )  hexane 3050 2780 2940
N -M e th y lp h th a lim id e 3050 • ♦  • 2975
a  O ccu rs  a s  a  s h o u ld e r  on th e  peak  a t  2940 cm.**1
g ro u p  f o r  th e  m e th y l g ro up  o f  2-me th y  11 so in d o  11 ne  gave 
r i s e  to  a  d o u b le t  r a t h e r  th a n  a  s in g l e  p e a k .
I t  a p p ea red  l i k e l y  t h a t  th e  a b s o r p t io n  b an d s 
o c c u r r i n g  i n  t h e  p o r t i o n  o f  th e  i n f r a r e d  s p e c t r a  2720 
and 2800 cm." 1 m ig h t be  c a u se d  by th e  a b s o r p t io n  o f
c a rb o n -h y d ro g e n  bonds o f  th e  m e th y le n e  g ro u p  o f  th e  
h e t e r o c y c l i c  r i n g .  I t  w as, t h e r e f o r e ,  d e s i r a b l e  t o  
o b t a i n  t h e  s p e c t r a  o f  an i s o i n d o l i n e  r i n g  sy s te m  w hich 
d id  n o t  c o n ta in  c a rb o n -h y d ro g e n  bonds i n  t h a t  r i n g .  
S in c e  i t  was d i f f i c u l t  to  o b t a i n  a  1 , 1 , 3 , 3  t e t r a -  
s u b s t i t u t e d  i s o i n d o l i n e ,  t h e  s p e c t r a  o f  th e  compounds 
p r e v i o u s ly  s y n th e s iz e d  w ere  com pared to  t h e  s p e c t r a  o f  
N - m e th y lp h th a l im id e .  W hile  t h e  p r e v io u s ly  i d e n t i f i e d  
p e a k s  a t  3050 and 2975 cm.*"1 w ere  p r e s e n t ,  t h e  p eak  
a t  2720 to  2800 was m is s in g .  T h is  i n d i c a t e s  t h a t  t h e  
p e ak  u s u a l l y  o c c u r r in g  i n  t h i s  a r e a  i s  due to  a b s o rp ­
t i o n  o f  th e  m e th y le n e  group  o f  th e  h e t e r o c y c l i c  r i n g .
In d o le  was p re p a r e d  a c c o rd in g  to  T y so n , b . p .
o o
121  C /5  mm; m.p* 5 2 -5 3  <
l - ( P h e n y lc a r b a m o y l ) - in d o le  was p r e p a r e d  a c c o rd in g  to  
H e n r y k ,  m.p* 135-36°C .
1 -  (p-M ethoxy p h e n y lc  a rb a n o y l)  - i n d o l e
T h is  was p re p a re d  by s l i g h t  m o d i f i c a t i o n  o f  th e  
above p ro c e d u re  by r e a c t i n g  e q u im o la r  q u a n t i t i e s  o f  i n d o le  
and p -m eth o x y p h en y l I s o c y a n a t e  i n  p e t r o l - e t h e r  s o l u t i o n  i n  
p r e s e n c e  o f  few  d ro p s  o f  p y r i d i n e ,  and c r y s t a l l i z i n g  t h e  
p ro d u c t  from  aqueous e th a n o l*  Y ie ld :  8 5 $ ,m .p . 221°C .
(F ound : H, 1 0 .6 1 ,  c i 6Hi 4N2 °2  10*53*)
I n  a  s i m i l a r  way 1 - (n -p ro p y lc a rb a m o y 1 ) - i n d o l e  
w as p r e p a r e d  by r e a c t i n g  t h e  i n d o le  w ith  n - p r o p y l i s o c y a n a te  
and c r y s t a l l i z i n g  t h e  p ro d u c t  from  aqueous e th a n o l  i n  c o ld .  
Y i e ld .  70* , m .p . 199. (Found N, 13*71, 612^ 14^ 2°  r e q u i r e s  
N, 1 3 .8 6 * ) .
283 - ( 2 * - H i t r o v i n y l ) - i n d o l e  was o b ta in e d  a c c o rd in g
t o  Y oung, m .p . 171-72°C  w hich  on  r e d u c t io n  w i th  LAH i n  e t h e r
Q Ogave t r y p ta m in e , m .p . 146 C, h y d r o c h lo r id e ,  m*p* 249-2 50  C#
EXPERIMENTAL
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N- P - ( 3 - I n d o l y D  e t h y l .  N1- (p -m e th o x y p h e n v l)  u r e a
The fo l lo w in g  p ro c e d u re  i l l u s t r a t e s  i n  g e n e r a l
t h e  p r e p a r a t i o n  o f  a l l  th e  u r e a  d e r i v a t i v e s  o f  t r y p ta m in e
d e s c r i b e d  h e r e .  T hese  w ere c r y s t a l l i z e d  from  aqueous
e t h a n o l ,  y i e l d :  7 0 -8 0 # .
To a  s u s p e n s io n  o f  t r y p ta m in e  i n  l i g r o i n  was
added w ith  s t i r r i n g  p-m ethoxy  p h e n y l i s o c y a n a te  (e q u im o la r
q u a n t i t i e s )  and th e  m ix tu re  was h e a te d  f o r  30 m in u te s  a t  
o
100 C. On c o o l in g  th e  p ro d u c t  was f i l t e r e d  and washed 
s e v e r a l  t im e s  w ith  b o i l i n g  l i g r o i n .  I t  was f i n a l l y  c r y s ­
t a l l i z e d  from  aqueous e th a n o l ,  m .p . 8 8 -8 9 . (F ound : N, 1 3 .6 7 ,
C18H19N13°2 r e q u i r e s  N> 1 3 .5 9 # ) .
N -f t  - ( 3 - I n d o l y l ) e t h y l - N f - n - p r o p y lu r e a
M .p. 106. (Found: N, 0 6 , C^H-j^N^O r e q u i r e s  
N, 1 7 .1 4 # ) .
N - P - ( 3 - I n d o l y l ) e t h y l - N , - n - b u t y l  t h i o u r e a
M .p. 96°C . (F ound: N, 1 5 .4 0 ,  c i 5I% i^ 3 S r e q u i r e s
N, 1 5 .2 7 # )
N -ft  - ( S - I n d o l y ^ e t h y l - I H - p - t o l u e n e  s u l f o n y l u r e a
A m ix tu re  o f  t ry p ta m in e  and e t h y l  N - ( p - t o lu e n e ­
s u l f o n y l )  c a rb a m a te  ( 1 : 1 .2  m o le s)  i n  b en zen e  was r e f lu x e d  
t i l l  a  homogenous suspension i s  o b ta in e d .  On re m o v a l o f  th e
» v  '
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s o l v e n t ,  t h e  r e s id u e  was h e a te d  a t  1 2 0 ° /8  mm* p r e s s u r e
f o r  e i g h t  h o u r s ,  and c r y s t a l l i z e d  from  aqueous e t h a n o l .
Y ie ld  76* , m .p . 140°C . (F ound: N, 1 1 .8 4 .  c i 8H3j9N3° 3S
r e q u i r e s  N, 1 1 .7 6 * ) .
I s o i n d o l i n e  was p re p a re d  a c c o rd in g  to  t h e  
35
m etho d  o f  Neumeyer by h y d r o g e n o ly s is  o f  N - b e n z y l i s o -
o
i n d o l i n e  o v e r  5 *  p a l la d iu m - c h a r c o a l  a t  50 C u n d e r  a
o
p r e s s u r e  o f  50 p . s . i .  o f  h y d ro g e n ; b .p .  105 C /20  mm.
N -B e n z y lp h th a lim id e  was o b ta in e d  i n  good y i e l d s
by th e  a c t i o n  o f  b en zy lam in e  on  p h t h a l i c  a n h y d r id e ,  m .p .H 5 ° C .
35
N -B e n z y li  so in d o  l i n e  was p re p a re d  by LAH re d u c ­
t i o n  o f  N -b e n z y l ip h th a l im id e  ( 3 :1  m ole) i n  e t h e r  u n d e r
o ~4
n i t r o g e n  a tm o sp h e re . Y ie ld  8 7 * ; b .p .  135 C / l o  mm.
2 - ( P h e n y lc  a rb a m o y l) i  s o in d o l in e
A s o l u t i o n  o f  i s o i n d o l i n e  (1 .1 9  g . ; 0 .0 1  m ole) 
i n  p e t r o l  e t h e r  was t r e a t e d  w ith  p h e n y l i s o c y a n a te ( 1 .3 1  g . j  
0 .0 1 1  m ole) i n  c o ld .  A f t e r  s ta n d in g  f o r  two h o u rs  a t  room 
te m p e r a tu r e ,  th e  p r o d u c t  was f i l t e r e d ,  w ashed w i th  p e tro le u m  
e t h e r  and c r y s t a l l i z e d  from  aqueous e t h a n o l .  Y ie ld  8 3 * ; m .p . 
2 3 1  C .(F o u n d : N, 1 2 .0 9 ,  Cl5 H14NgO r e q u i r e s  N, 1 1 .7 6 * ) .
S i m i l a r l y  w ere p re p a re d  th e  f o l lo w in g :
2 - (p -M e th o x y p h e n y lc a rb a m o y l) is o in d o lin e
Y ie ld  6 0 * ; m .p . 178°C . (Found: N, 1 0 .5 3 ,
C16H!6 N gOg r e q u i r e s  N, 1 0 .4 4 * ) .
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2 -  (p -N ltro p h e n y lc a rb a m o y l)  - i  s o in d o l in e
Y ie ld  6 5# ; m .p . 241°C , (Found* N, 15* 11 ,
C15H1 ^ I^ )3 N, 1 4 .8 4 # ) .
2 - (n -P ro p y 1 c  a rb  e m o y l) - i  s o in d o l in e
o
Y ie ld  50#? m .p . 161 C (F ound: N, 1 3 .5 9 ,
C12h 16n2 °  r e q u i r e s  N, 1 3 .7 2 # )
2 - ( n - B u t y l t h i o c  arbamoy 1 ) - i s o i n d o l i n e
Y ie ld  6 3 # ; m .p . 148°C (F ound : N, 1 2 .0 1 ,
C 13^1 pNpS r e q u i r e s  N, 1 1 .9 6 # )
2 - (p -T o lu e n e s u lfo n y lc a rb a m o y l)  i  s o in d o l in e
A s o l u t i o n  o f  i s o i n d o l i n e  i n  to lu e n e  was g r a d u a l ly  
add ed  t o  e t h y l  N - ( p - to lu e n e s u l f o n y l ) c a r b a m a te  ( 1 : 1 .2  m o le s )  
i n  t o lu e n e  s o l u t i o n  and t h e  m ix tu r e  h e a t e d  u n d e r  r e f l u x  f o r
3 h o u r s .  The p r o d u c t ,  on  rem o va l o f  t h e  s o l v e n t ,  was c r y s ­
t a l l i z e d  r e p e a t e d l y  from  aqueous e t h a n o l .  Y ie ld  3 0 # ; 
m .p . 286C. (F ound : N, 8 .8 4 ,  C^gH-^gNgOgS r e q u i r e s  N, 8 .8 6 # ) .
2 -  (3-Am ino p ro p y l)  i  s o in d o l in e
402 -C y a n o e th y lp h th a l im ld e  (1 5 .0  g , 0 .0 8 7  m o le ) 
was p la c e d  i n  a  S o x h le t  th im b le  and e x t r a c t e d  i n t o  a  s l u r r y  
o f  10*6 g . o f  l i t h i u m  aluminum h y d r id e  i n  200 m l . o f  a n h y d ro u s  
e t h e r .  A f te r  t h e  r e a c t i o n  was c o m p le te d , th e  r e a c t i o n  m ix tu r e
w as c o o le d  t o  5°C , decom posed f i r s t  w i th  a b s o lu te  a lc o h o l}  
and f i n a l l y  w i th  s u f f i c i e n t  w a te r  t o  p r e c i p i t a t e  th e  
alum inum  ox id e*  The s u s p e n s io n  was f i l t e r e d  and t h e  c l e a r  
f i l t r a t e  was d r i e d  o v e r  an h y d ro u s sodium  s u l f a t e *  The 
m ix tu r e  was f i l t e r e d  and th e  s o lv e n t  rem oved by  d i s t i l l a t i o n *  
The r e s u l t i n g  o i l  was d i s t i l l e d  u n d e r  vacuum* The f r a c t i o n  
d i s t i l l i n g  a t  9 4 -9 6 ° C /0*6 mm. was c o l l e c te d *  I t  w eighed  
9 .8  g . ( 6 0 $ ) .  (F ou nd t C , 7 4 .8 2 }  H, 9*34} N, 15*92 . 
r e q u i r e s  C, 7 4 .95 j| H, 9*15} N, 1 5 .9 0 $ ) .
N- Y - ( 2 - I s o i n d o l i n y l ) p r o p y l - K l - p h e n y lu r e a
The f o l lo w in g  i s  a  g e n e r a l  p r e p a r a t o r y  p ro c e d u re  
f o r  2 - i  so in d o ly  l p r o  py l u r e  a s  and t h i o u r e a s .  C r y s t a l l i z a t i o n  
was i n v a r i a b l y  done from  aqueous e th a n o l .  Y ie ld s  6 5 -7 5 $ .
To a  s o l u t i o n  o f  2 ( 3 - a m in o p r o p y l ) i s o in d o l in e  i n  
p e tro le u m  e t h e r  i n  c o ld  was added g r a d u a l ly  w h i le  s t i r r i n g  
p h e n y l  i s o c y a n a te  ( I t  1*2 m o le s)  i n  p e tro le u m  e th e r *  A f te r  
s t a n d in g  f o r  two h o u r s ,  t h e  p ro d u c t  was f i l t e r e d ,  w ashed 
w i th  p e tro le u m  e t h e r  and c r y s t a l l i z e d  from  aqu eo us e th a n o l*  
Y ie ld  73$  m .p . 1 0 5 -1 0 6 °C. (F o u n d : N, 1 4 .1 3 .  C jg H g jN ^  
r e q u i r e s  N, 1 4 * 2 3 $ ).
N - V - ( 2 - 1  s o in d o l in y D p r o p y l - K 1- p h e n y l t h i o u r e a
*►
M .p . 169°C . (F o un d : N, 13 .22* CigHgjHgS r e q u i r e s  
N, 1 3 * 5 0 $ ).
I'T
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N -n -B u ty l-N 1-  /  - ( ,2 - i s o i n d o l i n y l ) p r o p y l t h i o u r e a
M .p . 91°C , (Foundj N, 1 4 .3 2 .  C ^ I ^ N g S  
r e  q u i r e  s  N, 1 4 .4 3 # )  •
N - A l ly l - N 1 -  /  -  ( 2 ~ i so in d o  l i n y  1) p ro  py l t h l o u r e  a
M .p. 97°C . (F ound: N, 1 5 .5 0 .  c i5 H2 i N3S ^ ^ i r e s  
N, 1 5 .2 8 # ) .
N - • / - ( 2 - I s o i n d o l l n y 1 ) p ro p y l-N 1 - p - n i t r o p h e n y l u r e a
M .p. 136-37°C . (F ound: N, 1 6 .6 4 .  Cl8 H2()N40 3 
r e  q u i r e  s N, 1 6 .4 7 # ) .
N -p-A m inopheny l-N *- Y - ( 2 - i  s o i n d o l in y 1 ) p ro  p y lu r e  a
The c o r r e s p o n d in g  n i t r o - d e r i v a t i v e  (5  g . )  was 
re d u c e d  o v e r  Raney N ic k e l  i n  t e t r a h y d r o f u r a n  s o l u t i o n  u n d e r  
i n i t i a l  p r e s s u r e  o f  30 l b s .  o f  h y d ro g e n . , A f t e r  t h e  a b so rp ­
t i o n  o f  t h e  t h e o r e t i c a l  q u a n t i t y  o f  h y d ro g en  th e  c a t a l y s t  
w as f i l t e r e d  and th e  f i l t r a t e  on  rem o v a l gave a  r e s id u e  
w h ich  was ta k e n  i n t o  aqueous a lc o h o l .  On k e e p in g  o v e r n ig h t  
i n  c o ld ,  a  s o l i d  p r e c i p i t a t e d  from  th e  a l c o h o l i c  s o l u t i o n .  
T h is  was c h a r c o a le d  and c r y s t a l l i z e d  from  ace t o n e - p e t r o l .  
Y ie ld  8 0 # ; m .p . 1 26 -28°C . (F ound: N, 1 7 .9 2 . C18H22N40 
r e q u i r e s  N, 1 8 .0 6 # ) .
E th y l  N - • / - (  2 - i  so in d o  l i n y l )  p r o p y l  c a rb o n a te  h y d r o c h lo r id e
To a  b o i l i n g  s o l u t i o n  o f  2 - (3 -a m in o p ro p y l)
)l>
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i s o i n d o l i n e  (1*76 g . 5 0 .0 1  m ole) i n  a c e to n e  was added
g r a d u a l ly  w ith  s t i r r i n g  e t h y l  c h lo r o f o r m a te  (1*62 g . ;
0*015  m ole) i n  p re s e n c e  o f  p o ta s s iu m  c a rb o n a te  (0*1 m ole)
and th e  m ix tu r e  r e  f lu x e d  f o r  18 h o u r s .  The s o lv e n t  was
rem oved and th e  r e s id u e  i n  e t h e r  was d r i e d  and h y d ro g en
c h l o r i d e  g a s  p a s se d  i n  th e  e t h e r e a l  s o l u t i o n ,  y i e l d i n g
t h e  h y d r o c h lo r id e .  I t  was f i n a l l y  c r y s t a l l i z e d  from
o
i s o p r o p a n o 1 - e th e r  m ix tu r e .  Y ie ld s  4 5 $ ; m .p . 1 2 2 -2 3  C. 
(Founds N, 9 .5 7 ,  ^2^2  re (^ r e s  9 * 8 4 $ ) .
N - /  - ( 2 - I s o i n d o l i n y l )  p ro p y l-N t -p - in e th o x y p h e n y lu re a
A m ix tu r e  o f  t h e  above ( 2 .8 4  g . j  0 .0 1  m ole) and 
j j - a n i s i d i n e  (2*48 g . ; 0 .0 2  m ole) i n  p re s e n c e  o f  few  d ro p s  
o f  p y r id in e  was h e a te d  a t  120°C f o r  5 h o u r s .  The e x c e s s  o f  
t h e  amine w a s . th e n  rem oved u n d e r  vacuum and th e  r e s i d u e  
c r y s t a l l i z e d  from  aqueous a lc o h o l .  Y ie ld ,  6 3 $  m .p . 133-34°C
(F o un d : N, 1 3 .0 0 ,  c i9 H23N3°2  re<*u i r e s  N> 1 2 .9 2 $ ) .
2 - ( 2-H ydroxye th y 1 ) i  s o in d o l in e
A s o l u t i o n  o f  R- ( 2 -h y d r o x y e th y l ) p h th a l im id e  
i n  t e t r a h y d r o f u r a n  was s lo w ly  added to  a  p r e v i o u s ly  c o o le d  
s l u r r y  o f  l i t h i u m  aluminum h y d r id e  i n  a n h y d ro u s  e t h e r .
A f t e r  t h e  a d d i t i o n  was c o m p le te d , th e  c o ld  r e a c t i o n  m ix tu re  
was decom posed w ith  a b s o lu te  a l c o h o l .  W ater was th e n  added 
u n t i l  th e  aluminum o x id e  was c o m p le te ly  p r e c i p i t a t e d .  The 
r e s u l t i n g  s u s p e n s io n  was f i l t e r e d  and t h e  c l e a r  f i l t r a t e
d r i e d  o v e r  an h y d ro u s  sodium  s u l f a t e .  A f te r  t h e  rem o v a l o f
t h e  e t h e r ,  th e  r e s id u e  was d i s t i l l e d .  I t  b o i l e d  a t  1 6 7 -1 6 9 °C/
15  mm. The d i s t i l l a t e  w eighed  4*6 g . ( 6 0 $ ) .
4*L
von Braun, and c o -w o rk e rs  p r e p a r e d  2 - ( 2 -
h y d ro x y e  t h y l )  i s o i n d o l i n e  by  t h e  r e a c t i o n  o f  e th y le n e  
o x id e  o n  i s o i n d o l i n e .  They r e p o r t e d  t h e  i s o l a t i o n  o f  an 
o i l  b o i l i n g  a t  1 6 2 -1 6 4 °C /12  mm.
2 - 1 s o in d o l in y le  t h y l  p - n i  t ro b e n z o  a te
To a  s t i r r e d  s o l u t i o n  o f  6*5  g . ( 0 .G 4  m ole) o f  
2 - (2 -h y d ro x y e th y  1 ) :L s o in d o lin e  i n  50 m l .o f  d ry  benzene  was 
a d d ed , d ro p w is e ,  a  s o l u t i o n  o f  7«5 g . (0 * 0 4  m o le ) o f  
p - n i t r o b e n z o y l  c h l o r i d e  i n  25 m l .o f  d r y  b e n z e n e . The r e a c t i o n  
m ix tu r e  was r e f l u x e d  * fo r  2 h o u rs  and t h e  s o l v e n t  removed* The 
re m a in in g  o i l  was n e u t r a l i z e d  w ith  1 0 $  sodium  h y d ro x id e  and 
th e n  e x t r a c t e d  w i th  b e n z e n e . A f te r  e v a p o r a t io n  o f  th e  s o l v e n t ,  
9 . 3  g .( 7 5 $ )  o f  y e l lo w  c r y s t a l s  was o b t a i n e d .  T hese w ere 
r e c r y s t a l l ! z e d  from  an a lc o h o l - w a te r  m ix tu r e .  (F ound ; C> 6 5* 18 ;
H, 4 .9 6 ;  N. 8 .7 8 ,  c i?H 16N204  r e q u i r e s  C, 6 5 .3 7 ;  H, 5 .1 6 ;
N, 8 .9 7 $ ) .
2 - 1 s o l n d o l i n y l e t h y l  p-A m inobenzo a t e  H ydrobrom ide
The r e d u c t io n  o f  2 - i s o i n d o l i n y l e t h y l  p - n i t r o -  
b e n z o a te  t o  2 - i s o :L n d o l in y le th y l  4 -a m in o b a n z o a te  was c a r r i e d  
o u t  by s h a k in g  a s o l u t i o n  o f  3 .0  g . (0 .0 0 9  m o le )  o f  th e  n i t r o  
compound i n  75 m l .o f  e t h e r  w i th  0 .3  g .o f  Raney n i c k e l
n y
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c a t a l y s t  a t  15 pounds o f  h y d ro g en  p r e s s u r e .  When t h e  
t h e o r e t i c a l  q u a n t i t y  o f  h y d ro g en  h ad  been  a b s o rb e d , th e  
h y d r o g e n a t io n  was d i s c o n t in u e d  and th e  c a t a l y s t  rem oved 
by  f i l t r a t i o n .  The f i l t r a t e  was t r e a t e d  w ith  anhyd rou s 
h y d ro g e n  b ro m id e . The p r e c i p i t a t e d  h y d ro  brom ide s a l t  was 
f i l t e r e d  and r e  c r y s t a l l i z e d  from  a b s o lu te  a lc o h o l  by 
p r e c i p i t a t i o n  w i th  an h y d ro u s e t h e r .  The p u re  compound 
w eig hed  1 .2  g . (42 # ) and m e l te d  a t  2 3 9 -2 4 0 °C. (Found: C,
5 6 .0 0 }  H, 5 .2 6 }  N, 7 .8 0 ,  C^H-^BrN gOg r e q u i r e s  C, 5 6 .2 1 }
H, 5 .2 6 }  N, 7 .7 0 # ) .
2 - ( 2 - C h l o r o e t h y l ) i s o in d o l i n e  H y d ro c h lo r id e
To 8 . 6  g . ( 0 .5 3  m o le) o f  2 - ( 2 - h y d r o x y e th y l )  
i s o i n d o l i n e  d i s s o l v e d  i n  20 m l.  o f  c h lo ro fo rm  was added 
s lo w ly  a  s o l u t i o n  o f  8 m l. o f  t h i o n y l  c h lo r i d e  i n  15 m l 
o f  c h lo ro fo rm . The r e a c t i o n  m ix tu r e ,  a f t e r  b e in g  r e f l u x e d  
f o r  a p p ro x im a te ly  15 m in u te s ,  c r y s t a l l i z e d .  A f te r  c o o l in g  
i n  i c e ,  t h e  r e a c t i o n  m ix tu r e  was  f i l t e r e d  and th e  r e s u l t i n g  
c r y s t a l l i n e  s o l i d  w ashed w i th  c h lo ro fo rm  and th e n  w ith  
e t h e r .  A f t e r  r e c r y s t a l l i z a t i o n  from  a b s o lu te  a lc o h o l  by 
t h e  a d d i t i o n  o f  a few  d ro p s  o f  an hy d rou s e t h e r ,  an  y i e l d  
o f  1 0 .6  g . (91#) o f  a  w h i te  c r y s t a l l i n e  s o l i d  was o b t a i n e d .  I t  
m e l te d  a t  191-192,°C . (F ound: C, 5 5 .2 1 }  H, 5 .8 7 }  C l ,  3 2 .4 3 ,
C ^oH ^C lgN  r e q u i r e s  C, 5 5 .0 6 }  H, 6 .0 0 }  C l ,  3 2 .5 1 # ) .
T h is  compound h a s  b e en  p r e v io u s ly  r e p o r t e d  by
42
Gump, e t a l  • I t s  p r e p a r a t i o n  and p h y s i c a l  c o n s t a n t s  w ere
n o t  r e p o r t e d .
2 - I s o l n d o l i n y l e t h y l  d l -M a n d e la te  H y d ro c h lo r id e
S i l v e r  m a n d e la te  was p r e p a r e d  by n e u t r a l i z i n g  
1 0 .0  g . o f  d l - m a n d e l ic  a c id  w i th  d i l u t e  ammonium h y d ro x id e  
and a d d in g  a 10#  s o l u t i o n  o f  s i l v e r  n i t r a t e  u n t i l  t h e  p r e c i ­
p i t a t i o n  o f  t h e  s i l v e r  s a l t  was com ple te*  The s i l v e r  
m a n d e la te  was rem oved by f i l t r a t i o n ,  washed w i th  w a te r ,  
a l c o h o l ,  and f i n a l l y  e th e r*
A m ix tu r e  o f  4*2 g . (0*016 m o le ) o f  s i l v e r  
m a n d e la te ,  3*5 g . (,0*20 m o le ) o f  2 - ( 2 - c h l o r o e t h y l )  i s o i n d o l i n e  
h y d r o c h l o r i d e ,  and 20 m l .o f  d r y  b enzene  was r e f l u x e d  f o r  
8 h o u r s .  D u r in g  t h i s  tim e  th e  s o l u t i o n  was p r o t e c t e d  from  
l i g h t .  The r e s u l t i n g  s i l v e r  c h lo r i d e  was rem oved by f i l t r a ­
t i o n .  E th e r  was added t o  th e  f i l t r a t e  to  p ro d u c e  a  gummy m ass 
w h ich  s o l i d i f i e d  upon s ta n d in g  i n  th e  r e f r i g e r a t o r  o v e rn ig h t*  
The s o lv e n t  was d e c a n te d  and th e  r e s i d u e  d i s s o l v e d  i n  a b s o lu te  
a l c o h o l .  The h y d r o c h lo r id e  p r e c i p i t a t e d  u p o n  th e  a d d i t i o n  o f  
a n h y d ro u s  h y d ro g e n  c h l o r i d e .  A f t e r  r e c r y s t a l l i z a t i o n  from  
i s o p r o p y l  a l c o h o l ,  3*0 g .( 5 8 # )  o f  a  w h i te  s o l i d  m e l t in g  a t  
151-152°C  was o b ta in e d .  (F ound: C, 64*27} H, 6*09} C l ,  10*28} 
N, 4 .3 7 }  CjgHggClNGg r e q u i r e s  C, 64*75} H, 6*00} C l .  10*64}
N, 4 * 2 0 # ) .
2 - I s o i n d o l i n y l e t h y l  P i p h e n y la c e t a t e  H y d ro c h lo r id e
To a  s t i r r e d  s o l u t i o n  o f  7*0 g . (0*043  m o le )  o f
2 - (2 - h y d r o x y e th y l )  i s o i n d o l i n e  i n  26 m l o f  d ry  b en zen e  
was added s lo w ly  a  s o l u t i o n  o f  10*0 g. (0*043  m o le ) o f  
d i p h e n y l a e e ty l  c h lo r i d e  i n  15 m l .o f  d ry  benzene*  The 
r e a c t i o n  m ix tu r e  was r e f l u x e d  o n  a  steam  b a th  f o r  2 h o u rs*
A f t e r  rem o v a l o f  t h e  s o l v e n t  on  a  f l a s h  e v a p o ra to r*  t h e  
t h e  r e s id u e  was r e  c r y s t a l l i z e d  from  i s o  p ro p y l  a lc o h o l*
The p u re  compound m e l te d  a t  194-195°C  and w eighed  15  g (9 2 $ ) * 
(F ou nd : C , 7 3 .1 6 }  H, 6 * 2 1 ; C l ,  9 .0 0 }  N, 3*70 , C 2 # 2 4 C1H02 
r e q u i r e s  C, 73*18} H, 6 .1 4 }  C l ,  9 .0 2 }  N, 3 .5 6 $ )*
2 - ( 2 - I s o i n d o l i n y l ) e t h y l  B e n z h y d ry l E th e r  H y d ro c h lo r id e
2 - ( 2 -H y d ro x y e th y l) i s o i n d o l i n e  ( 8 .0  g»; 0*049 
m o le )  was d i s s o l v e d  i n  20 m l .o f  d ry  benzene*  To t h i s  
s o l u t i o n  was added  1 .3  g. (0 .0 5 5  m ole) o f  sodium  c u t  i n  v e r y  
s m a l l  p i e c e s .  A f t e r  th e  m ix tu r e  was r e f lu x e d  f o r  1 h o u r ,  
a  s o l u t i o n  o f  1 3 .7  g. (0 .0 5 5  m o le ) o f  b e n z h y d ry l  b rom ide  was 
added  and th e  r e s u l t i n g  s o l u t i o n  r e f l u x e d  f o r  4  h o u r s .  The 
r e a c t i o n  m ix tu r e  was f i l t e r e d  t o  rem ove t h e  p r e c i p i t a t e d  
sod ium  b ro m id e . A f te r  e v a p o r a t io n  o f  th e  s o lv e n t  i n  a  f l a s h  
e v a p o r a to r ,  t h e  r e s id u e  was d i s t i l l e d *  I t  b o i l e d  a t  195°C /
0*35  mm. The v i s c o u s  re d d is h -b ro w n  d i s t i l l a t e  was d i s s o l v e d  
i n  t h e  l e a s t  p o s s ib l e  amount o f  benzene  and t h e  s o l u t i o n  was 
a llo w e d  to  s ta n d  o v e r n i g h t .  A s m a ll  amount o f  t e t r a p h e n y le th a n e  
(m .p . 2 0 0 °c )  c r y s t a l l i z e d  and was removed by f i l t r a t i o n .  An 
e q u a l  volum e o f  e t h e r  was added to  th e  f i l t r a t e  and th e  
r e s u l t i n g  s o l u t i o n  was s a t u r a t e d  w ith  anh y d ro u s h y d ro g e n
' ' ?  
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c h lo r id e *  The h y d r o c h lo r id e  p r e c i p i t a t e d  and was rem oved by  
f i l t r a t i o n .  A f t e r  r e c r y s t a l l i z a t i o n  from  a b s o lu te  e th a n o l ,  
0 * 7  g ,( 3 8 # )  o f  a  w h ite  s o l i d  m e l t in g  a t  2 0 4 -2 0 4 .5 °C  was 
o b t a i n e d .  (F ound : C, 7 5 .6 6 ;  H, 6 ,7 2 ;  C l ,  9 ,8 6 .  0 2 3 ^ 0 ^ 0  
r e q u i r e s  C, 7 5*51 ; H, 6 .5 6 ;  C l ,  9 * 7 1 # ) .
1 . 6-H exam ethylened:L  p h th a l im id e
To 1 0 .0  g . (0 .0 8 5  m o le )  o f  1 , 6 -h e x a m e th y le n e -  
d ia m in e  i n  a  ro u n d  b o tto m e d  f l a s k  was added 25*5 g .
(0*17  m o le ) o f  p h t h a l i e  a n h y d r id e .  A f t e r  t h e  v ig o ro u s  
r e a c t i o n  h ad  s u b s id e d ,  t h e  m ix tu r e  was h e a te d  f o r  45 m in u te s  
a t  100°C , a f t e r  w hich  th e  te m p e r a tu r e  was i n c r e a s e d  t o  160°C 
f o r  10 m in u te s .  The s o l i d  r e s i d u e  was t r e a t e d  w i th  b o i l i n g  
5 0 #  a lc o h o l  and t h e  i n s o l u b l e  p r e c i p i t a t e  was rem oved by 
f i l t r a t i o n .  A f t e r  r e c r y s t a l l i z a t i o n  from  t e t r a h y d r o f u r a n  
t h e  c r y s t a l s  m e l te d  a t  178-179°C* I t  w e ighed  3 0 .0  g . ( 9 7 # ) .  
(F ou nd : C, 70 *1 3 ; H, 5 * 31 ; N, 7*65. c 22% 0® 2°4 r e ^ r e s 
C, 70*21 ; H, 5*32 ; N, 7 .4 4 ) .
1 . 6 - B i s - ( 2 - i  s o in d o l in y 1 ) h ex an e  D jh y d ro c h lo r id e
A s o l u t i o n  o f  6 .6  g . (0 .0 1 8  m ole) i n  20 m l o f  
t e t r a h y d r o f u r a n  was added , d ro p w ls e ,  to  a  s l u r r y  o f  4 .0  g. 
o f  l i t h i u m  alum inium  h y d r id e  i n  75 m l . o f  an h y d ro u s  e t h e r .
The r e a c t i o n  m ix tu r e  was r e f l u x e d  f o r  15 m in u te s  and  th e n  
th e  r e a g e n t  was decom posed by th e  a d d i t i o n  o f  e th a n o l*  Wat&r
'I
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was c a r e f u l l y  added t o  p r e c i p i t a t e  t h e  a lu m in a  w hich was - 
f i l t e r e d .  The c l e a r  f i l t r a t e  was e v a p o r a te d  to  d r y n e s s  and 
t h e  r e s u l t i n g  s o l i d  d i s s o l v e d  i n  b en zen e  and t r e a t e d  w ith  an 
e q u iv a l e n t  o f  an a l c o h o l i c  s o l u t i o n  o f  h y d ro g e n  c h l o r i d e .
The p r e c i p i t a t e d  h y d r o c h lo r id e ,  a f t e r  r e c r y s t a l l i z a t i o n  from  
m e th a n o l ,  m e l te d  a t  297-298°C . The c r y s t a l s  w eighed  3*5 g . 
( 5 0 $ ) .  (F o u n d : C, 6 6 .8 5 ;  H, 7 .1 3 ;  N, 6 .8 1 .  C22H30C12N2 
r e q u i r e s  C, 6 7 .1 7 ;  H, 7 .6 3 ;  H, 7 .1 2 $ ) .
2 - ( 2 - B j s ( 2 - c h l o r o e t h y l ) a m l n o e t h y l ) i s o i n d o l i n e  D ih y d ro c h lo r id e
To a  100 m l .m ix tu re  o f  e q u a l  p a r t s  a lc o h o l  and 
b en zen e  was added 7*5 g . (0 .0 3 4  m o le s )  o f  2 - ( 2 - c h l o r o e th y l )  
I s o i n d o l i n e  h y d r o c h lo r id e  and 4 .6  g . ( 0 .0 3 4  m o le ) o f  
d i  e th a n o l  am ine. The r e s u l t i n g  s o l u t i o n  was r e f l u x e d  f o r
4  h o u r s ,  a f t e r  w hich th e  s o lv e n t s  w ere  rem oved o n  a  f l a s h  
e v a p o r a to r .  The r e s i d u e  d i s s o l v e d  i n  10 m l .o f  c h lo ro fo rm  
was ad d ed , d ro p w is e ,  t o  a  s o l u t i o n  o f  15 m l. o f  t h i o n y l  c h lo r i d e  
i n  15 m l ,o f  ch lo ro fo rm *  When t h e  a d d i t i o n  was co m p le te d  t h e  
m ix tu r e  was h e a te d  u n d e r  r e f l u x  f o r  20 m in u te s  and th e n  c o o le d  
i n  an i c e  b a th  u n t i l  c r y s t a l l i z a t i o n  was c o m p le te . The s o l i d  
r e a c t i o n  p ro d u c t  a f t e r  f i l t r a t i o n  and r e c r y s t a l l i z a t i o n  from  
a  m ix tu r e  o f  e q u a l  p a r t s  a c e to n e  and a lc o h o l  w e ig hed  1 1 .0  g. 
(9 0 $ ) and m e l te d  a t  270°C (decom pn .)*  (Found: C, 4 6 .5 2 ;
H, 6 .2 6 ;  C l ,  3 9 .5 1 ;  N, 7 .8 5 .  C j^ H g g C l^ N g ^ req u ire s  C, 4 6 .6 6 ;
H, 6 .1 2 ;  C l ,  39*45; N, 7 .7 8 $ ) .
\ ' d
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N- ( 3 - ( 2 - 1 s o i n d o l i p y l ) p r o p y l ) - b e t a - a l a n i n e  Amide D lh y d r o c h lo r id e
A s o l u t i o n  o f  1 .8  g . ( 0 . 0 1  m o le ) a c ry ls m id e  i n  
20 m l .o f  a b s o lu te  e th a n o l  was s lo w ly  added to  a  s t i r r e d  
s o l u t i o n  o f  2*1 g . ( 0 .0 2  m ole) o f  2 - ( 3 - a m in o p r o p y l ) i s o in d o l in e  
i n  10 m l. o f  a b s o lu te  e th a n o l .  The m ix tu r e  was a llo w e d  to  
s t a n d  f o r  1 w eek. A f te r  rem o v a l o f  th e  s o lv e n t  i n  a  f l a s h  
e v a p o r a to r ,  th e  d a r k  r e s id u e  was w ashed w i th  a n h y d ro u s  e t h e r  
and th e n  d i s s o lv e d  i n  a b s o lu te  a lc o h o l .  The h y d r o c h lo r id e  
was p r e c i p i t a t e d  by th e  a d d i t i o n  o f  an h y d ro u s h y d ro g e n  c h l o r i d e .  
The r e s u l t i n g  p r e c i p i t a t e  was r e c r y s t a l l i z e d  from  a  m ix tu re  
o f  e q u a l  p a r t s  o f  i s o p r o p a n o l  and 9 5 #  a lc o h o l .  The r e c r y s ­
t a l l i z a t i o n  gave 2 .7  g .(8 5 # )  o f  a  w h ite  c r y s t a l l i n e  p r e c i ­
p i t a t e  t h a t  m e l te d  a t  173 -174°C . (Found* C, 5 2 .4 3 ;  H, 6 .9 7 ;
C l ,  2 2 .3 1 ;  N, 1 2 .9 8 .  Z° r e q u i r e s  C, 5 2 .5 0 ;  H, 7 .2 4 ;
C l ,  2 2 .1 4 ;  N, 1 3 .1 3 # ) .
N - ( 3 - ( 2 - I s o i n d o l i n y l ) p r o p y l ) - b e t a  a la n in e  E th y l  E s t e r
A s o l u t i o n  o f  5 .7  g . (0 .0 5 7  m o le ) o f  e t h y l  a c r y l a t e
i n  10 m l. o f  a b s o lu te  a lc o h o l  was added  d ro p w is e ,  w i th  s t i r r i n g ,
t o  a  c o o le d  s o l u t i o n  o f  1 0 .0  g . (0 .0 5 7  m o le ) o f  2 - (3 -a m in o p ro p y l)
i s o i n d o l i n e  i n  20 m l. o f  a b s o lu te  a l c o h o l .  The m ix tu r e  was
a llo w e d  to  s ta n d  a t  room te m p e ra tu r e  f o r  4  d a y s ,  a t  w hich tim e
th e  s o lv e n t  was rem oved on a  s team  b a th  u n d e r  vacuum . The
r e s i d u e  d i s t i l l e d  and a  f r a c t i o n  w e ig h in g  1 4 .2  g. (90#) and
o
d i s t i l l i n g  a t  156 -158  C /0 .6  mm. was c o l l e c t e d .  (Found* C ,6 9 .2 8 ;
H, 8 .5 2 ;  N, 1 0 .1 1 ,  C16H24N20 2 r e q u i r e s  C, 6 9 .5 3 ;  H, 8 * 7 5 ;
N, 1 0 .1 5 $ ) .
1 - ( 3 - ( 2 - 1 s o i n d o l i n y l ) p r o p y l ) d i h y d r o u r a c i l
To a  s t i r r e d  s o l u t i o n  o f  8 .8  g . (0 .0 3 2  m o le )  o f  
N- ( 3 - ( 2 - i s o i n d o l i n y l ) p r o p y l )  - b e t  a - a l a n i n e  e t h y l  e s t e r  i n  
a  m ix tu r e  o f  3 m l. o f  h y d r o c h lo r i c  a c id  and 10 m l . o f  w a te r  
was added , d ro p w is e ,  a  s o l u t i o n  o f  3 .4  g . (0 .0 4 2  m ole) o f  
p o ta s s iu m  c y a n a te  i n  10 m l .o f  w a te r .  The r e s u l t i n g  s o l u t i o n  
w as s t i r r e d  f o r  1  h o u r  and th e n  a llo w e d  to  s t a n d  o v e r n ig h t  
a t  room te m p e ra tu re *  D u rin g  t h i s  t im e  a  seco nd  l a y e r  fo rm ed . 
The u p p e r  l a y e r  was s e p a r a t e d  ahd t r e a t e d  w ith  s u f f i c i e n t  
a lc o h o l  t o  p r e c i p i t a t e  t h e  p o ta s s iu m  c y a n a te  p r e s e n t  com­
p l e t e l y .  A f te r  f i l t r a t i o n  o f  t h e  s o l i d ,  t h e  f i l t r a t e  was 
e v a p o r a te d  to  d r y n e s s .  A s o l i d  rem a in ed  w h ich , a f t e r  
r e c r y s t a l l i z a t i o n  from  a b s o lu te  a lc o h o l ,  gave  2 .2  g . (25$ ) 
o f  a  w h ite  c r y s t a l l i n e  s o l i d  m e l t in g  a t  18 4 -18 5°C . (Founds C, 
6 5 .6 3 ;  H, 7 .2 9 ;  N, 1 5 .3 8 ,  ^ 15^ 19^ 3^2 ^®*3Uir©s Cj 6 5 .9 1 ;
H, 7 .0 0 ;  N, 1 5 .3 8 $ ) .
N - P h e n y l - 3 - n i t r o p h th a l im ld e
43To 3 - n i t r o p h t h a l i e  a n h y d rid e  (6 6 .0  &, 0 .4 5  m o le )  
w as added , d ro p w is e ,  4 2 .0  g . (0 .4 5  m ole) o f  r e d i s t i l l e d  
a n i l i n e .  A f te r  t h e  a d d i t i o n  was co m p le te d  and th e  r e a c t i o n  
had  s u b s id e d ,  t h e  r e a c t i o n  m ix tu re  was h e a te d  a t  210°C f o r  
20 m in u te s .  The r e s u l t i n g  o ra n g e  l i q u i d  s o l i d i f i e d  on  c o o l in g
and was r e c r y s t a l l ! z e d  from  a  m ix tu r e  o f  e q u a l  p a r t s  o f  
a c e to n e  and e t h a n o l .  I t  y i e l d e d  a  y e l lo w  c r y s t a l l i n e  s o l i d  
w h ich  m e l te d  a t  136-138°C . The y i e l d  was 1 0 7 ,0  g . ( 8 2 # ) .
(F ound : C, 62 , 43$ H, 2 .8 9 ;  N, 1 0 .3 2 ,  C-j^HgNgC^ r e q u i r e s  
C , 6 2 .6 8 ;  H, 3 .0 1 ;  N, 1 0 .5 2 # ) .
N-P h e n y l-3 -a m in o p h th a l lm ld e
N - P h e n y l - 3 - n i t r o p h th a la m id e  (1 0 ,0  g9/ 0 .0 3 7  
m o le ) d i s s o l v e d  i n  100 m l .o f  e q u a l  p a r t s  t e t r a h y d r o f u r a n  
. and e t h a n o l ,  was re d u c e d  o v e r  Raney n i c k e l  c a t a l y s t  i n  a  
P a r r  h y d ro g e n a to r  a t  30 pounds o f  h y d ro g en  p r e s s u r e .  A f te r  
a p p ro x im a te ly  8 h o u r s  o f  s h a k in g ,  t h e  t h e o r e t i c a l  q u a n t i t y  
o f  h y d ro g en  had  been  a b s o rb e d . The s o lv e n t  was th e n  rem oved 
o n  a  f l a s h  e v a p o r a to r  and th e  s o l i d  r e s id u e  was r e c r y s t a l l i z e d  
from  ben zen e  t o  y i e l d  7 .5  g . (85#) o f  a  w h ite  c r y s t a l l i n e  s o l i d .  
I t  m e l te d  a t  185-187°C . (F ou nd : C, 7 0 .6 3 ;  H, 4 .0 2 ;  N, 1 1 .8 8 ,  
C14H10N2 °2  r e q u i r e s  C, 7 0 ,5 8 ;  H, 4 ,2 3 ;  N, 1 1 ,7 6 # ) .
2 - F h e n y l - 4 - a m in o is o in d o l in e
A s o l u t i o n  o f  1 3 ,0  g . (0 ,0 5 4  m ole) o f  N -p h e n y l-3 -  
a m in o p h th a lim id e  i n  100 m l o f  t e t r a h y d r o f u r a n  was ad ded , 
d ro p w is e ,  to  a  s u s p e n s io n  o f  6*2 g. o f  l i t h i u m  alum inium  
h y d r id e  i n  75 m l. o f  t e t r a h y d r o f u r a n .  The a d d i t i o n  r e q u i r e d  
45 m in u te s .  The r e a c t i o n  m ix tu r e  was th e n  r e f l u x e d  f o r  an 
a d d i t i o n a l  10 m in u te s ,  c o o le d  i n  an i c e  b a t h ,  and t h e  e x c e s s  
l i t h i u m  alum in ium  h y d r id e  decom posed w ith  a b s o lu te  a l c o h o l .
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The a lu m in a  was p r e c i p i t a t e d  by t h e  c a r e f u l  a d d i t i o n  o f  w a te r  
and th e  r e a c t i o n  m ix tu r e  was f i l t e r e d .  The f i l t r a t e  was 
d r i e d  o v e r  an h y d ro u s sodium  s u l f a t e .  A f te r  rem o v a l o f  th e  
s o l v e n t ,  a  g r e e n i s h  s o l i d  re m a in e d . A f te r  r e c r y s t a l l i z a t i o n  
from  e th a n o l  i t  w eighed  1 0 .0  g . (87$) and m e l te d  a t  123-124°C . 
(Found* C, 7 9 .7 2 ;  H, 6 .8 3 ;  N, 1 3 .5 5 ,  r e q u i r e s
C, 7 9 .9 6 ;  H, 6 .7 1 ;  N, 1 3 .3 3 $ ) .
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N - ( 4 - ( 2 - P h e n y l i s o i n d o l i n y l ) ) - N  - a c e t y l s u l f a n i l a m i d e
To a  r e f l u x i n g  s o l u t i o n  o f  2 .1  g . (0 .0 1 0  m o le ) 
o f  2 - p h e n y l - 4 - a m in o is o in d o l in e  and 0 .8  g . (0 .0 1 0  m o le )  o f  
p y r i d i n e  i n  30 m l .o f  b en zen e  was added , d ro p w is e , a  s o l u t i o n  
o f  2 .6  g,  (0 .0 1 1  m o le ) o f  4 - a c e ta m id o b e n z e n e s u lfo n y l  c h lo r i d e  
i n  20 m l .o f  e q u a l  p a r t s  b e n ze n e  and a c e to n e .  A f te r  th e  
a d d i t i o n  was c o m p le te d , t h e  r e s u l t i n g  s o l u t i o n  was r e f l u x e d  
f o r  10 m in u te s .  Upon c o o l in g ,  an o i l  s e t t l e d  to  t h e  b o tto m  
o f  t h e  f l a s k .  The s u p e r n a t a n t  l i q u i d  was d e c a n te d  and t h e  
o i l  was w ashed w ith  e t h e r  and f i n a l l y  w i th  c o ld  w a te r .  Updn 
s t a n d in g  i t  s o l i d i f i e d  and was r e c r y s t a l l i z e d  from  5 0 $  
i s o p r o p a n o l  to  g iv e  3 .3  g. (81$) o f  a  w h ite  c r y s t a l l i n e  s o l i d .
Q
The s o l i d  m e l te d  a t  230-23 1  C. (Founds C, 6 4 .7 8 ;  H, 5 .5 5 ;
N, 1 0 .4 1 ;  S, 7 .5 1 ,  C2 2H21N3 °3 S r e t i r e s  C, 6 4 .8 4 ,  H, 5 .1 9 ;
N, 1 0 .3 1 ;  S , 7 .8 6 $ ) .
1
N -  ( 4 - 2 - P h e n y l i  s o i n d o l i n y l )  ) s u l f  a n i l  amide
N1- ( 4 - ( 2 - P h e n y l i s o i n d o l i n y l ) ) -N4- a c e t y l s u l f a n i l a m i d e
I: ^
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( 2 .8  gt) 0 .0 0 7  m o le ) was r e f l u x e d  f o r  1 h o u r  w i th  a  s o l u t i o n
o f  2 m l .o f  h y d r o c h lo r i c  a c id  i n  4  m l ,o f  w a te r .  The r e a c t i o n
m ix tu r e  was th e n  n e u t r a l i z e d  w ith  sodium  c a r b o n a te  and t h e
p r e c i p i t a t e d  p ro d u c t  c o l l e c t e d  on  a  B uchn er fu n n e l*  A f t e r
r e  c r y s t a l l i z a t i o n  from  i s o p r o p a n o l  t o  w hich  a  few  d r o p s  o f
a c e to n e  was a d d ed , 1 .8  g .( 6 9 $ )  o f  a  w h ite  c r y s t a l l i n e  s o l i d
o
was o b t a in e d .  I t  m e l te d  a t  2 3 4 -2 3 6  C. (Founds C, 6 5 .5 0 ;
H, 5*51 ; N, 11*22 ; S , 8 * 68 . c  20 *^19^ 3^ 2^ re<Ja* r e s  65*73 ;
H, 5*25 , N, I l f 4 9 ; S, 8 * 7 7 # ) .
2 -M e th y li  s o in d o l in e
2 - M e th y l i s o in d o l in e  was p re p a re d  by t h e  l i t h i u m  
aluminum h y d r id e  r e d u c t io n  o f  N -m e th y lp h th a l im id e , f o l lo w in g
t h e  p ro c e d u re  em ployed f o r  th e  p r e p a r a t i o n  o f  2 - (2 -h y d ro x y -
a 44
e t h y l )  i s o i n d o l i n e .  I t  d i s t i l l e d  a t  8 5 -8 6  C /15  m.m. ( l i t *
b*p* 8 1 -8 2 °C /1 3  m .m .)
2 - B t h y l i s o in d o l i n e
The compound was p r e p a r e d  by th e  l i t h i u m  aluminum 
h y d r id e  r e d u c t io n  o f  H - a c e ty lp h th a l im id e ,  f o l lo w in g  t h e  
p ro c e d u re  o f  R a b jo h n , Qrumm, and E l l i o t t .  A f r a c t i o n
O 4K
d i s t i l l i n g  a t  2 1 7 -2 2 0  C was c o l l e c t e d  ( l i t .  b . p .  2 1 9 -  
2 2 0 °C ).
2 - P h e n y l i  s o in d o l in e
N -P h e n y lp h th a l im id e  was re d u c e d  w ith  l i t h i u m  alum inum
) I '
h y d r id e  as  d e s c r ib e d  by W i t t i g ,  C lo s s  and M inderm ann.
a  /L£\ O
I t  m e l te d  a t  168-169  C ( l i t .  b . p .  169-170  C ).
O - T o l u i n i t r i l e  was p r e p a r e d  a c c o rd in g  to  t h e
m eth o d s  d e s c r ib e d  i n  th e  O rg a n ic  S y n th e s i s  C o l l e c t i v e
V ol. I ,  pp 5 14 . I t  d i s t i l l e d  a t  9 4 -9 6 °C /2 0  mm.
O -X y ly lsm in e  was p re p a r e d  by LAH ( 1 . 2  m o le s )
r e d u c t io n  o f  Q - t o l u i n i t r i l e  (1  m ole) i n  e t h e r .  The f r a c t i o n
d i s t i l l i n g  a t  125°C /105  mm was c o l l e c t e d .
N -C h lo ro su e c in im id e  was p re p a r e d  a c c o rd in g  to
37
T s c h e r n ia c  .
N-Chlorc>-O-Xyly 1 am ine was p r e p a r e d  by  fo l lo w in g
47
th e  m ethod  o f  R u sh ig  e t a l  » by r e a c t i n g  t h e  am ine i n  
m e th y le n e  c h lo r i d e  s o l u t i o n  w ith  N - c h lo r o s u c c in im id e .  The 
N - c h l o r o - d e r i v a t i v e  gave a  p o s i t i v e  t e s t  w ith  5 $  K I i n  5% 
a q u eo u s  a c e to n e .
*
H o f ia a n n -L o ff le r  R e a c t io n
A w e l l - s t i r r e d  s o l u t i o n  o f  N -c h lo ro -J i-X y ly la m in e
(5  g.) i n  r e d i s t i l l e d  t r i f l u o r o a c e t i c  a c id  (20  g) was e x p o se d
o
t o  u -v - la m p  i n  th e  n i t r o g e n  a tm o sp h e re  a t  20 C. A f t e r  20
m in u te s  a  t e s t  p o r t i o n  o f  th e  r e a c t i o n  m ix tu r e  gave  a
n e g a t i v e  t e s t  w i th  K I r e a g e n t .  On rem o v a l o f  t h e  s o l v e n t ,
t h e  r e s i d u e  was r e f l u x e d  w ith  4  m o la r  e q u i v a l e n t s  o f  KOH i n
m e th a n o l  f o r  o ne  h o u r ,  c o n c e n t r a t e d  u n d e r  vacuum , p o u red  on
i c e  and e x t r a c t e d  w ith  m e th y le n e  c h l o r i d e .  The s o l v e n t  was
rem oved and th e  r e s i d u e  was t o s y l a t e d  i n  t h e  u s u a l  way,
o
g iv in g  th e  p ro d u e t  m e l t in g  a t  1 1 0 -1 12  C.
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CHAPTER V
B i o l o g ic a l  A c t i v i t y  
( S t r u c t u r e -  A c t iv i t y  R e la t io n s h ip  )
Some s e l e c t e d  compounds o f  e a c h  s e r i e s  w ere  
s c re e n e d  i n  t h e  D i v i s i o n  o f  E x p e r im e n ta l  M e d ic in e  o f  
t h i s  I n s t i t u t e  f o r  t h e i r  e f f e c t  on  b lo o d  s u g a r  a t  a  
d o se  l e v e l  o f  250 mg/kg. body w e ig h t by a d m in i s t r in g  
o r a l l y  i n  m ale  A lb in o  r a t s  o f  C .D .R . I . ,  C o lo n y , I n  
c a s e s  w here th e  r e s u l t s  w ere e n c o u ra g in g ,  th e  d r u g s  
w ere  r e p e a te d  a t  100 and 50 m g/kg . body w e ig h t  a s  w e l l .
P r i o r  to  t e s t i n g ,  th e  r a t s  w e ig h in g  100 -12 5  g . w ere 
s t a r v e d  f o r  1 8 -2 4  h o u r s .  The b lo o d  was ta k e n  from  t h e  
t a i l  and th e  s u g a r  e s t im a te d  u s in g  N elson-Som ogyi 
m ethod  a t  2 and 4  h o u rs  i n t e r v a l .  C a rb u tam id e  was 
c h o se n  a s  a  r e f e r e n c e  s ta n d a rd  f o r  d i r e c t  c o m p a r iso n .
I m id a z o l id in o n e s  and p y rim id o n e
From th e  r e s u l t s  o f  th e  p r e s e n t  s tu d y  i t  i s  
o b v io u s  t h a t  th e  e f f e c t  on b lo o d  s u g a r  i n  t h e s e  im id a ­
z o l i d i n o n e s  and te t r a h y d r o p y r im id o n e s  i s  m a rk e d ly  in f lu e n c e d  
by t h e  n a tu r e  o f  t h e  s u b s t i t u e n t s  as  w e l l  a s  t h e  s i z e  o f  
th e  r i n g .  The e f f e c t  o f  ch an g es  a t  R, R ' ,  X ( >C = 0 o r  
XJHg) and n  (1  o r  2) i s  d i s c u s s e d  u n d e r  t h e  fo l lo w in g  h e a d ss
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(a )  S t r u c t u r e  o f  th e  g ro u p  R
fCi
A num ber o f  com pounds, w here R = H - , 
CHgCHgCHg-, C 1 - , F~ and CHgO-, h av e  b een  s t u d i e d .  The 
m e th y l  g roup  seem s to  c o n fe r  t h e  m o st f a v o u r a b l e  h y p o g ly ­
cem ic  a c t i v i t y ;  th e  u n s u b s t i t u t e d  and th e  c h lo r o  compounds 
a r e  e i t h e r  i n a c t i v e  o r  v e ry  s l i g h t l y  a c t i v e ,  w h i le  th e  
m ethoxy  d o e s  n o t  b r in g  a b o u t any ch an g e , F - s u b s t i t u t i o n ,  
on  th e  o t h e r  h a n d , ev o k es  h y p e rg ly c e m ia .
(b )  S t r u c tu r e  o f  g ro u p  R1
O ut o f  w ide v a r i e t y  o f  g ro u p s  as R 1 
(H, e t h y l - n - p r o p y l - ,  i s o - p r o p y l - ,  a l l y l - ,  n - b u t y l - ,  
e y c lo h e x y l - ,  p h e n y l- ,  b e n z y l - ,  p h e n e th y 1 -  and s u b s t i t u t e d  
c a rb a m o y l- )  th e  a l l y l  g ro u p  seem s to  be th e  m o st a c t i v e  one 
f o r  lo w e r in g  th e  b lo o d  s u g a r .  L en g th en in g  o r  b ra n c h in g  o f  
th e  c h a in  r e d u c e s  th e  a c t i v i t y .  A ry l and a r y l a l k y l  a l s o  
re d u c e  th e  a c t i v i t y *  I n t r o d u c t i o n  o f  a  u r e a  m o ie ty  a t  R* 
a l s o  d o es n o t  i n c r e a s e  th e  a c t i v i t y .  When R* -  H, t h e  
e f f e c t ,  on  th e  o t h e r  h a n d , i s  m ark e d ly  h y p e rg ly c e m ic .
IV*
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E f f e c t  o f  n  ( S iz e  o f  t h e  r in g )
The s i z e  o f  th e  r i n g  a l s o  seem s to  p la y  a  
s i g n i f i c a n t  r o l e  i n  r e l a t i o n  to  s t r u c t u r e  and a c t i v i t y  i n  
t h e  p r e s e n t  s e r i e s *  B e a r in g  th e  same s u b s t i t u e n t s  a s  i n  
im id a z o l id in o n e  f o r  maximum a c t i v i t y )  t h e  e x p a n s io n  o f  
t h e  r i n g  ( te t r a h y d r o p y r im id o n e )  b r in g s  a b o u t h y p e rg ly c e m ia *
(d )  E f f e c t  o f  X
A n o th e r  v a r i a t i o n  i n  th e  r i n g ,  w here 
n  = 2 , X = = 0 ( d i h y d r o u r a c i l )  b r in g s  a b o u t a  f a l l
i n  th e  h y p o g ly cem ic  a c t i v i t y  and a  te n d e n c y  to  h y p e rg ly c e m ia  
i s  o b s e r v e d .  '
From t h e  above s tu d y  i t  may be  n o te d  t h a t  
1 - a r y l  s u l f o n y l - 3 - a l k y l -  and 3 -  a r y l  a l k y l -  2 - im id  a z o l id in o n e  s 
i n  g e n e r a l  show h y p o g ly ce m ic  a c t i o n .  Amongst th e  s u b s t i ­
t u e n t s  i n  t h e  b en zen e  r i n g ,  t h e  4 -m e th y l g ro u p  seem s to  
c o n f e r  th e  maximum h y p o g ly cem ic  a c t i v i t y ,  w h i le  o f  th e  
g ro u p s  a t  3 - p o s i t i o n ,  th e  a l l y l  h a s  t h e  m o st f a v o u r a b le  
e f f e c t .  Of t h e  compounds t e s t e d ,  l - ( p - m e th y lb e n z e n e -  and 
p - c h lo r o b e n z e n e - )  s u l f o n y l - 3 - a l l y  1 - 2 - im id a z o l id in o n e s  
showed th e  maximum h y p o g ly ce m ic  a c t i v i t y .  The c o r r e s p o n d in g
3 - u n s u b s t i t u t e d  compounds and a l s o  th e  3 -c a rb a m o y l com pounds, 
o n  t h e  o t h e r  h a n d , e x h i b i t e d  h y p e rg ly c e m ic  a c t i v i t y .  Any 
a l t e r a t i o n  i n  th e  s i z e  o r  n a t u r e  o f  th e  r i n g  a l t e r s  th e  
a c t i v i t y .
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The r e s u l t s  have  b een  sum m arised  i n  T ab le  I .
T o s y la a in o  a c id  am ides
R* 0
II
RSOgHHCH (CHg^CNHR
None o f  th e  to sy la m in o  a c id  am ides o r  
N( P - a r y l s u l f o n a jn id o - ) e th y l - N - a lk y l - N * - p h e n y l  u r e a s  
t e s t e d  showed any h y p o g ly cem ic  a c t i v i t y .
The r e s u l t s  hav e  b e en  sum m arised  i n  T ab le  I I .
B a r b i t u r i c  a c id s
h y p o g ly c e m ic  a c t i v i t y  u n d e r  p r e s e n t  i n v e s t i g a t i o n .  The 
a c t i v i t y  r e a c h e s  i t s  maximum when R = o -  CHgO- and minimum 
when R = P-CH3 o r  o - C l - ,  w h e re a s  an a r y l  g ro u p  b e a r in g  no 
s u b s t i t u t i o n  m o d e ra te s  t h e  a c t i v i t y .
The r e s u l t s  h a v e  b een  sum m arised  i n  T ab le  I I I .
T h ia d i a z o le s
O N O
O
1 -A ry l  b a r b i t u r i c  a c id s  i n  g e n e r a l  show
oII
NHC NHR
i n  1 , 2 , 4 - t h i a d i a z o l e  s e r i e s ,  v a r io u s  s u b s t i ­
t u e n t s  a t  5 - p o s i t i o n ,  su c h  a s  p h e n y l - ,u r e i d o - ,  s u b s t i ­
t u t e d  a r o y l  amide and a r y l  s u lfo n a m id e s  h av e  b een  s t u d i e d .
Among them , o n ly  p h e n y l s u b s t i t u e n t  was fo u n d  to  c o n f e r  
a c t i v i t y  to  th e  p a r e n t  n u c le u s .  I n  v iew  o f  t h i s  a  num ber 
o f  5 - p h e n y l - 3 - s u b s t i t u t e d  t h i a d i a z o l e s  w ere p r e p a r e d  where 
t h e  3 - s u b s t i t u e n t  was an a l k y l ,  a r y l ,  a r y l a l k y l  o j  a  
h e t e r o c y c l i c  sy s tem  o r  a  u r e a  m o ie ty .  I n  g e n e r a l  a  u r e id o  
f u n c t i o n  a t  3 - p o s i t i o n  l e a d s  to  th e  a c t i v e  com pounds.
Among th e  s u l f o n y l u r e a  ty p e  o f  com pounds, w here  
E* = a r y l  s u l f o n y l - ,  th e  o n ly  compound h a v in g  some hy po ­
g ly c e m ic  a c t i v i t y  was N - p - to lu e n e  s u l f o n y l- N * - ( 5 » - p h e n y l  
1* ,2* , 4 , - t h i a d i a z o l - 3 * - y l )  u r e a ,  w h ile  th o s e  w here 
E* = p h e n y l s u l f o n y l - ,  mono- o r  d o u b ly  s u b s t i t u t e d  c h lo ro  
b e n z e n e s u l f o n y l -  and p -a c e ta m id o b e n z e n e s u l fo n y l  g ro u p s , 
a r e  e i t h e r  i n a c t i v e  o r  v e ry  s l i g h t l y  a c t iv e *
I n  th e  s e r i e s  o f  s im p le  u r e a s  an a lk y l  o r  
a r y l a l k y l  g ro u p  a s  E* u s u a l l y  l e a d s  to  i n a c t i v e  com pounds, 
w h i le  a  p h e n y l g ro u p  c o n f e r s  a  m o d e ra te  ty p e  o f  a c t i v i t y  
t o  th e  m o le c u le .  I n  o r d e r  t o  s e e  th e  e f f e c t  o n  a c t i v i t y  
o f  v a r io u s  s u b s t i t u e n t s  a t  th e  p h e n y l n u c le u s ,  a  num ber o f
9
e l e c t r o n  a c c e p t in g  o r  d o n a t in g  g ro u p s  h av e  b e en  exam ined  
and i t  was found  t h a t  none o f  t h e  s u b s t i t u e n t s  i n f l u e n c e  
t h e  b lo o d  s u g a r  a s  much a s  th e  u n s u b s t i t u t e d  p h e n y l g ro u p  
i t s e l f .
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I n t e r e s t i n g l y  en o u g h , a  s u b s t i t u e n t  (R1)
c a r r y i n g  a  b a s i c  n i t r o g e n  atom e i t h e r  i n  c y c l i c  o r  a c y c l i c  
sy s te m  g e n e r a l ly  g iv e s  r i s e  to  e f f e c t i v e  compounds* The 
maximum f a l l  i n  b lo o d  s u g a r  n o te d  among su c h  h e t e r o c y c l i c  
sy s te m s  was i n  th e  compounds w here  R* = 2 - p y r i d y l  group* 
O th e r  is o m e rs  o f  p y r i d in e ,  s u b s t i t u t e d  o r  u n s u b s t i t u t e d ,  
a r e  m o d e ra te ly  a c t i v e .  S i g n i f i c a n t  a c t i v i t y  was s i m i l a r l y  
n o te d  i n  th e  compound w here R 1 = d ie th y la m in o p ro p y l  
g ro u p .
The r e s u l t s  have  b een  sum m arised  i n  T ab le  IV .
P y r i  d y le  t h y l u r  e as
I n  t h e  s e r i e s  o f  p y r i d y l e t h y l u r e a s  no c o r r e l a t i o n  
c o u ld  b e  e s t a b l i s h e d  b e tw een  s t r u c t u r e  and a c t i v i t y  o f  th e  
compounds u n d e r  p r e s e n t  s tu d y  a s  th e  members so  f a r  e v a lu a te d  
e x h i b i t  a c t i v i t y  o f  lo w  o r d e r  o n ly .  I t  w as, how ever, n o te d  
t h a t  2 - is o m e rs  a re  m ore e f f e c t i v e  th a n  th e  4 - is o m e rs  and an 
a l k y l  r e s t  f a v o u r s  t h e  h y p o g ly cem ic  a c t i v i t y  i n  co m p ariso n  
to  th e  c o r re s p o n d in g  a r y l  r e s t .  The c o r r e s p o n d in g  t h i o u r e a s  
e x h i b i t  h y p e rg ly c e m ic  e f f e c t s .
0 0
\
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The r e s u l t s  have  b e en  sum m arised i n  T ab le  V.
Jt
1 3 1
I s o i n d o l i n y l u r e a s  and t h io u r e a s
A lm ost a l l  o f  t h e  i s o l n d o l i n y l u r e a s  and t h i o u r e a s  
so  f a r  s t u d i e d  a re  d e v o id  o f  any h y p o g ly ce m ic  a c t i v i t y .
The r e s u l t s  have  been  sum m arised  i n  T a b le  V I.
I n d o l y lu r e a s
U s u a l ly  th e s e  d e r i v a t i v e s  have b e e n  found  to  
e x h i b i t  h y p o g ly c e m ia . M arked e f f e c t s  have b e e n  o b s e rv e d  
i n  c a s e  o f  t r y p to p h a n e  and t r y p ta m in e  d e r i v a t i v e s .
The r e s u l t s  have  b e e n  sum m arised i n  T a b le  V I I .
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Compel* D osei
n g/kg
i n  B lo o d  s u g a r  i n  mg/lOOcc b lo o d
R* F a s t in g A f te r  2 h r  A f t e r  4 h r  Av. %
1 2 3 4 5 6 7
1 . Me n~ Bu 250 151 125 110
149 106 117 23 I
142 142 110
100 169 151 118
151 149 129 21 I
145 145 123
50 145 145 134
145 145 129 9 I
151 151 140
2* Me S e c -  Bu 250 144 130 120
139 125 106 23 I
142 105 119
100 151 124 108
140 113 109 23 I
146 124 119
50 151 130 130
146 124 119 13
146 124 130
3 . Me P r 250 118 118 123
112 112 118 0
112 113 129
4 . Me A l l y l 500 120 112 117 t
117 103 96 9 I
127 112 124
250 151 113 113
163 110 118 24 I
151 110 124
100 139 139 139
150 133 133 14
150 122 122
50 156 133 133
150 122 128 11 i
139 128 122
5 . H n -  Bu 250 129 129 129
129 129 140 0
123 134 129
TABLE I  R
ftI
V \
SO-H
!*135
1 2 3 4 5 6 7
6 .  H S e c -  Bu 500 193 122 127
112 101 117 10
127 101 112
250 129 102 102
123 112 112 21
129 112 96
100 102 102 100
129 112 91 21
129 91 91
50 134 107 91
129 118 102 21
129 112 118
7 .  CL A l l y l 250 140 168 134
175 156 141 16
151 151 118
50 151 156 162
151 140 129 0
151 151 151
8«>o-Me A l l y l 250 90 80 61
80 71 71 12
75 75 85
9 ,  F A l l y l 250 74 80 101
117 101 117 25
85 106 123
1 0 . Me E th y l 250 110 88 93
115 100 104 14
121 104 93
1 1 . Me i - P r 250 99 83 73
88 77 88 17
105 83 83
1 2 . Me P h e n y l 250 94 77 88
115 94 88 0
77 99 94
1 3 . Me B e n zy l 250 90 82 82
110 99 93 12
110 99 93
i
1 2 3 4 5 6 7
1 4 . Me P h e n y l 250 80
75
90
80
80
127
85
80
104
17
1 5 . Cl H 250 146
83
109
146
102
141
128
307
231
81
1 6 . a CgHtjNHCO 250 112
106
112
168
150
114
131
131
114
40
1 7 . Cl e» 3o -  cgP 7 ~
NHOO
250 135
120
124
134
147
133
119
119
138
9
18. col K02C6H4 -
NHCO
250 150
144
150
202
306
200
182
257
275
6
19. CH3 CeHgNHOO 250 106
88
112
150
137
150
110
112
180
43
2 0 . 1 -  M e th y l ,3 -  250 
a l l y l - 2 - t e t r a -  
h y d r  o py rim ido ne
106
85
181
96
125
117 43
21« 1 -  M e th y l ,3 -
b ^ t ty l - d ih y d r o -
u r a c l l
250 106
106
112
131
131
160
112
112
119
32
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TABLE I I
R 0
£ -  CH3C6H4S02NH-CB(CH2) n -C-NHR«
■A
133
1 2 3 4 5 6 7
R R« n
22* H Bu 1 250 156 153 150
145 150 140 0
160 158 156
2 3 , i - B u H 0 250 139 130 133
128 130 132 0
140 146 145
24* i - B u Bu 0 250 116 115 118
111 110 108 0
121 116 126
’'133
o o
V s"
TABLE I I I
B' V
o
1 2 3 4 5 ' 6 7
2 5 . p -  T o ly l 2150 155
155
141
125
135
135
125
138
125
14 1
2 6 . P h e n y l 250 135
142
144
114 
109
115
107
127
99
20 i
100 145
134
140
118
118
123
118
118
134
15 i
50 145
151
140
134
145
129
134
129
140
5 I
2 7 . o -  A n is y l 250 164
150
145
127
122
119
98
133
111
26 I
s
2 8 . o -  Chi o r  o -  
p h e n y l
250 141
136
155
141
141
141
125
132
116
13 1
♦ __ _
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TABLE IV
OII
1 2 3 4 5 6 7
2 9 . T o sy l 250 142 142 142
146 146 120 14 1
145 145 130
3 0 . P h e n y l s u l f o - 250 127 138 144
n y l 138 155 161 0
142 152 163
3 1 . p -  A ce tam id o - 250 140 163 151
b e n z e n e s u l f o - 141 158 156 0
n y l 151 156 151
3 2 . p -  C h lo ro b e n - 250 144 144 144
z e n e s u l f o n y l 128 133 133 0
128 133 133
3 3 . 3 , 4 -  D ic h lo r o 250 131 131 133 i
b e n z e n e s u l f o - 131 125 119 4 •I
n y l 131 125 119
3 4 . n -  H exy l 250 131 125 119
125 112 114 9
131 114 119
3 5 . P h e n y l 250 141 123 119
141 125 112 20 ■I
141 123 109
100 140 118 102
134 118 104 26 I
140 118 104
50 145 129 118 )
145 129 118 6 J/
140 123 107
36 „ Amyl 250 135 140 137
137 118 101 16 i
129 118 101
37* p -  T o ly l 250 129 118 135
132 109 112 15 i-
142 115 121
38 . o -  A n is y l 250 176 146 146
166 136 144 17 l
164 137 137
)lll 141
1 2 3 4 5 6 7
CO 
I 
CO
 
• p -  AnJLsyl 250 157 126 126 (
153 118 102 25 +
153 126 120
100 167 140 113 1
167 140 135 22 *
151 130 130
50 151 130 119 |
146 136 119 18 *
151 124 130
4 0 . P h e n e th y l 250 100 123 113 1
170 112 137 9 4-
127 125 123
4 1 . 4 -  P y r id y l 250 168 137 142
164 136 164 10 1
164 143 164
4 2 . 3 -  P y r i d y l 250 148 113 138 1
145 99 106 20 i
126 123 106
4 3 . 4 -  C h lo ro - 250 135 120 104
2 -  P y r i d y l 132 102 107 20 4
130 182 107
100 146 124 119
146 119 119 17 I
151 124 140
50 146 124 135
151 146 146 10 1
135 124 135
4 4 . 2 -  P y r i d y l 250 149 96 100 |
142 101 93 34 i
144 117 95
100 156 145 140
151 134 140 14 4
173 140 145
50 173 140 145
156 145 145 11 4
156 151 151
1 2 3 4 5 6 7
4 5 , C y e lo h e x y l 250 138 127 103
131 111 103 18
133 119 115
46* o -  C h io ro - 250 127 114 123
p h e n y l 142 101 114 16
119 111 120
4 7 . p -  C h lo ro - 250 130 115 112
p h e n y l 123 101 97 15
135 121 121
4 8 . D i e t h y l - 250 141 127 102
am in o p ro p y l 138 114 102 24
126 126 102
100 145 123 118
151 129 123 17
140 129 123
50 151 140 134
145 129 123 14
151 134 129
4 9 . EtOO GCSo- 250 129 154 ' 140
NHCJO 45 129 127 121 0
129 107 120
50* CfiEUNHNHOO- 250 137 118 102o o 137 94 107 19
132 109 132
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T a b le  V
X
XII
CHj,CHa N H C N H R
H
1 2 3 4 5 6 7
R X
I
03
5 1 . P h e n y l 0 250 122 103 83
122 109 136 10
136 122 141
5 2 . P r 0 250 88 88
♦  ♦  •
100 8 8 100 12
125 94 94
5 3 . P r 0 250 144 113 109
131 123 119 19
144 132 121
54* P h e n y l S 250 122 113 136
122 160 148 24
115 109 148
5 5 . T o sy l 0 250 162 135 174
143 133 167 0
£4] f a l l , {^3 RI5 E/N BUOOJ)
mTABLE VI
1 2 3 4 6
____ 7
R X
A
V
5 6 .
S^yN - ^  ~ NHR
P-CHgOG^H^ 0 250 112
106
125
81
125
100
94
106
113
11 4
5 7 .  Bu S 250 112
109
111
103
109
112
88
103
109
10 i
V-
V
I
NHCNHR
5 8 . P h e n y l 0 250 77
64
68
64
72
76
68
68
81
2 I
5 9 . p-CH3OC6H4 0 250 72
56
64
76
68
60
81
72
68
13 i
6 0 . Bu s 250 137
162
147
144
137
146
150
144
150
4 I
6 1 . p-NOgCgl^ 0 250 112
125
112
137
137
112
112
149
125
11 i
6 2 .  A l l y l s 250 119
137
125
125
170
131
119
119
131
0
.
CO P h e n y l s
•
250 135
129
146
131
131
140
127
124
119
10 I
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TABLE VII
6 4 .  P h e n y l
65* p -  M ethoxy- 
p h e n y l
6 6 .  P r O
11
250
250
250
NHCNHR
Nr
R R’
6 7 .  COOGH3 p -T o s -  250
yi
6 8 .  H
6 9 .  H
P r 250
p -T os~  250
yi
128
128
103
132
120
118
120
122
113
119
119
119
119
119
106
112
102
89
105
96
111
104
116
105 
117
113
113
113
113
100
113
70
96
102
105
130
101
104
113
134
129
88
90
100
69
113
114
99
87
107
23 X
21 I 
8  i
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Summary and C o n c lu s io n
The c o r r e l a t i o n  o f  b i o l o g i c a l  a c t i v i t y  w i th  
c h e m ic a l  c o n s t i t u t i o n  i n  any s e r i e s  o f  c h e m o th e ra p e u t ic  
a g e n ts  i s  made d i f f i c u l t  by a  num ber o f  f a c t o r s  su ch  a s  
s o l u b i l i t y »  a b s o r p t io n  from  th e  h o s t  a l im e n ta r y  t r a c t  o r  
s i t e  o f  i n j e c t i o n )  r a t e  and mode o f  e x c r e t i o n )  m e ta b o lism  
and  so on« T hese  d i f f i c u l t i e s  a re  a l l  e n c o u n te re d  i n  t h e . 
a s s e s s m e n t  o f  o r a l  h y p o g ly ce m ic  ag en ts*
A p a r t from  th e  f a c t o r s  m e n tio n e d  above) d i a b e t e s  
i s  n o t  one d i s e a s e ;  i t  i s  t h e  sum m ation o f  f a c t o r s  a r i s i n g  
o u t  o f  th e  f a u l t y  m e ta b o lism  o f  g lu c o s e  i n  an o r g a n ic  sy s te m ) 
and i s  b r o u g h t  ab o u t by o ne  o r  m ore o f  su ch  d i v e r s e  c o n d i ­
t i o n s  a s  f a u l t y  f u n c t io n  o f  $ -a n d  (o r)-c  - c e l l s  o f  th e  i s l e t s  
o f  L angerhanS ) o f  l i v e r  and p e rh a p s  m ore d i s t a n t l y  o f  th e  
a d r e n a l  m e d u l la  and c o r t e x )  t h e  a n t e r i o r  lo b e  o f  p i t u i t a r y  
o r  e v e n  th e  th y ro id *
The v a r io u s  a n t i d i a b e t i c  compounds and i n s u l i n  
h a v e  o n e  th in g  i n  common; th e y  re d u c e  th e  b lo o d  s u g a r  l e v e l *  
The compounds do n o t  re se m b le  i n s u l i n  e i t h e r  i n . s t r u c t u r e  o r  
i n  m e ta b o l i c  a c t i v i t y )  th e y  a re  n e i t h e r  a s  e f f e c t i v e  n o r  as 
s a f e  a s  i n s u l i n  c l i n i c a l l y *  B u t w ith  t h e i r  h e lp  i t  may be 
p o s s i b l e  to  s tu d y  i n  g r e a t e r  d e t a i l s  v a r io u s  a s p e c t s  o f  th e  
d i s o r d e r s  a s s o c i a t e d  w ith  d i a b e t e s  and e v e n t u a l l y  to  d e f in e
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t h e  mode o f  a c t i o n  o f  i n s u l i n  i t s e l f *
A ttem p t h a s ,  t h e r e f o r e ,  b een  made i n  a  l i m i t e d  
s e n s e  t o  s tu d y  th e  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p  i n  e a c h  
o f  th e  fo l lo w in g  s e r i e s  o f  compounds on  p u r e ly  e m p e r ic a l  
b a s i s .
The p r e s e n t  f i n d in g s  a re  i n  e x c e l l e n t  a g re e m e n t 
w i th  o u r  o r i g i n a l  h y p o th e s is  t h a t  one  o r  m ore o f  u r e a  
s u l f o n y l u r e a  o r  g u a n id in o  m o ie t i e s  i s  e s s e n t i a l  f o r  c o n ­
f e r r i n g  h y p o g ly ce m ic  a c t i v i t y  t o  a  m o le c u le .  T h is  was fo u n d  
t r u e  i n  c a s e s  w here su c h  m o ie t i e s  a re  p r e s e n t  i n  o pen  c h a in  
s t r u c t u r e s  su c h  a s  u r e a  and s u l f o n y l u r e a  d e r i v a t i v e s  i n c o r ­
p o r a t i n g  I n d o l e ,  t r y p ta m in e  o r  t ry p to p h a n e  a s  one o f  th e  
s u p p o r t s .  I n  th e  c a s e  o f  t h i a d i a z o l e s ,  im id a z o l id in o n e s  
and b a r b i t u r i c  a c id s ,  su c h  m o ie t i e s  e x i s t  a s  p a r t  o f  t h e  
r i n g  s y s te m s . F u r t h e r  c o n f i r m a t io n  was o b ta in e d  by th e  
i n a b i l i t y  o f  to sy la m in o  a c id  am ides t o  e x h i b i t  any h y p o g ly ­
cem ic e f f e c t*  I n  th e s e  compounds t h e  u r e a  m o ie ty  h a s  b een  
i n t e r r u p t e d  by th e  i n t r o d u c t i o n  o f  one o r  m ore m e th y le n eOtl
r e s i d u e s  w h ich  c l e a r l y  i n d i c a t e s  t h a t  an u n a l t e r e d  )N -C -lK  
r e s i d u e  i s  i n  some way, a s s o c i a t e d  w i th  h y p o g ly cem ic  
a c t i v i t y .
I n  t h e  5 - p h e n y l - l , 2 , 4 - t h i a d i a z o l e s  c a r r y in g  
s u b s t i t u t e d  u r e id o  f u n c t io n  a t  3 - p o s i t i o n ,  i t  was found  
t h a t  th o s e  h a v in g  a  b a s i c  n i t r o g e n  atom e i t h e r  i n  th e  
c y c l i c  o r  open c h a in  sy s tem  (S* N os. 4 4 , 48 )  g e n e r a l l y  
g av e  r i s e  t o  m ore  a c t i v e  com pounds. The maximum f a l l  i n
b lo o d  s u g a r ,  n e a r l y  o f  th e  o r d e r  o f  c a rb u ta m id e ,  was n o t i c e d  
w here  t h e  s u b s t i t u e n t s  w ere  t h e  2 - p y r i d y l  r i n g  and V - d i e t h y l  
am in o p ro p y l r e s id u e  a s  i n  N - ( 2 - p y r i d y l ) ,  N*- ( 5 *- p h e n y l ,
1 * ,2 * ,4 *  - t h i a d i a z o l - 3 1- y l )  u r e a - ,  and N -(  ^ - d ie th y la m in o  
p ro p y l- )N « - ( 5 * - p h e n y l ,  1 *, 2 * , 4 * - t h i a d i a z o l - 3 * - y l ) , u r e a  
r e s p e c t i v e l y .
1 - A r y l s u l f o n y l - 3 - a l k y l -  and 3 - a r y l a l k y l
2 - im id a z o l id in o n e s  i n  g e n e r a l  show h y p o g ly cem ic  a c t i o n .
A c o m b in a tio n  o f  j > - to ly l  a t  one  end and an a l l y l  s u b s t i t u e n t  
a t  3 - p o s i t i o n  o f  th e  im id a z o l id in o n e  seem s to  c o n f e r  th e  
maximum h y p o g ly cem ic  a c t i v i t y .  Thus l - p - t o l y l s u l f o n y l - 3 -  
a l l y l - 2 - im id a z o l id in o n e  i s  a lm o s t a s  a c t i v e  a s  c a r  b u t  am ide.
The 3 - p o s i t i o n  when d e v o id  o f  any s u b s t i t u e n t  g iv e s  r i s e  
t o  compounds o f  m arked  h y p e rg ly c e m ic  n a t u r e ,  a s  1 - p -  
t o l y l s u l f o n y l  and l - p - c h l o r o b e n z e n e s u l f o n y l - 2- im id a z o l in o n e s .  
The h y p o g ly cem ic  a c t i v i t y  h a s  b een  o b s e rv e d  to  f l u c t u a t e  
b e tw een  th e  two e x tre m e s  when 1 -  and 3 - p o s i t i o n s  b e a r  
d i f f e r e n t  k in d s  o f  s u b s t i t u t i o n s .
Amongst th e  b a r b i t u r a t e s ,  ow ing to  t h e  s m a ll  num ber 
o f  compounds s t u d i e d  i t  i s  n o t  p o s s ib l e  t o  d raw  any c o n c lu ­
s i o n s  r e g a r d in g  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s *  The 
p o i n t  o f  i n t e r e s t  was t h a t  1- Q -m e th o x y p h e n y lb a rb i tu r ic  acid 
e x h i b i t e d  a c t i v i t y  a p p ro a c h in g  t h a t  o f  c a r b u ta m id e .
E n c o u ra g in g  r e s u l t s  o b ta in e d  i n  t h e  s e r i e s  o f  
i n d o le  d e r i v a t i v e s  s t im u la t e d  th e  s y n t h e s i s  o f  a  num ber o f  
s t r u c t u r a l l y  r e l a t e d  com pounds, e . g .  i s o i n d o l i n e  d e r i v a t i v e s ,
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i n  o r d e r  to  s tu d y  t h e i r  e f f e c t  on  b lo o d  su g a r*  T hese  
com pounds, h ow ever, d id  n o t  show any e f f e c t  o n  b lo o d  su g a r*  
The p ro d u c t  o b ta in e d  by th e  c o n d e n s a t io n  o f
2 - v i n y lp y r i d i n e  and h y d ro x y lam in e  was s tu d ie d *  I t  was 
shown t o  be  a  d i - ,  r a t h e r  th a n  a  mono- a d d u c t a s  d e s ­
c r ib e d  i n  l i t e r a t u r e .  I n f r a r e d  and n*m*r* s t u d i e s  
s u p p o r te d  t h i s  v iew  w h ich  was f i n a l l y  c o n f irm e d  by sy n ­
t h e s i s  o f  th e  compound*
The p o s s i b i l i t i e s  o f  ta u to m e rism  i n  1 , 2 , 4 -  
t h i  a d i  a z o le s  o f  th e  ty p e :
N CH j H — N
*------- -
« N H  = 1
ch3
w ere  s t u d i e d  w i th  th e  a id  ©f u l t r a - v i o l e t  s p e c t r o s ­
co p y .
The c a rb o n -h y d ro g e n  a b s o r p t io n  b an d s p r e s e n t  
i n  t h e  i n f r a - r e d  s p e c t r a  o f  i s o i n d o l i n e  r i n g  sy s tem s 
w ere  r e l a t e d  to  t h e i r  c h e m ic a l  s t r u c tu r e *
F i n a l l y ,  i n  th e  p r e s e n t  s t a t e  o f  k n o w led g e , 
i t  i s  d i f f i c u l t  to  p i n - p o i n t  an a t t a c k  o n  t h i s  com plex  
syndrom e c o n d i t io n  and to  b u i ld  e f f e c t i v e  a n t i d i a b e t i e  
compounds on  a  s p e c i f i c  r a t i o n a l e *  The s e a r c h  f o r  new 
ty p e s  o f  a n t i d i a b e t i c  compounds m u s t ,  t h e r e f o r e ,  c o n t in u e  
t o  p r o g r e s s  by em peric ism *
150
I f  s p e c u l a t i o n  was p e r m i t te d  a  s u i t a b l y  
s u b s t i t u t e d  u r e a  m o ie ty  a t t a c h e d  to  a  g ro u p  w hich  h a s  
g e n e r a l l y  non t o x i c  b u t  p o w e rfu l  a n t im y c o b a c te r ia l  
p r o p e r t i e s  s t i l l  re m a in s  th e  fo rm u la  o f  c h o ic e  f o r  th e  
s y n t h e s i s  o f  an i d e a l  o r a l  h y p o g ly cem ic  a g e n ts*
